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TITLE OF THE INVENTION 
MITOTIC KINESIN INHIBITORS 



R A.CKGROUND OF THE INVENTION 

tambitors of mirotic in pabular the nicotic Hnesin KSP, and am useful in the 

Taxanes and vinca avoids act on microtubmes. which are present in a variety of ceUular structures. 
IZZfcs ~ the Primary stiucmral dement of ft. mitotic spindle. The mitotic apindle is response 

division ft is presumed that disruption of the mitotic apindle by these drugs results m inhrbmon of 
^Ldilon.^mdnctionofcancerceUde.m. However, nticrombmesfbrm ornery of 

•do no, specifically targe. mirotic spindle,, they have side effects ft* Urn* 

ftnprovements in tire specificity of agents used to treatcancer is of cons,demble interest 
UcauseoffteftempeuticbenefitewUchwoiddbere^^ 

because or me in y T „Hilionallv dramatic improvements in the treatment 

admtotrationoftheseagentecouldbereduced. Traditionally, draman imp 

cLotes of mis include no, omy me texanes, but also me camp,omecin class of ropoisomerase I 

tut are no. generally part of omer microtubule structures, such as in nerve processes. Miotic ta-m 
Z^ntilroles during aUphaaes ofmitosi, These enzymes am 

energy released by hydrolysis of ATP in,o mechanical tome which drives me directional movement 
energy released by hy » for ftis task is a compact sttucture 

cellular cargoes along microWbules. inecataiyui. - _ Mm1 „ 
o, approximately 340 amino acids. Purmg mimsis, ^ma organize micrombnles mto ftebm.lar 
, su.lelhaUsmemiroticapmd.e. Kmesmsn^te movement ofchmnrosomes a-ongsprndle 
mLtubutes as well as structural changes in die mitotic spindle associated wrft specific phases of 

mitotic spindle, friend, resulting in eeU cycle anes, and eel! deaft. 

Among Ihe mitotic Hnesins which have been identified is KSP. KSP belongs 10 

5 evorution^yconservedftmesmsobf^ 

^IhJteteamemconsis^of^parafielhomodimers. During mitosis KSP associates with 
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microtubules of the mitotic spindle. Microinjection of antibodies directed against KSP into human cells 
prevents spindle pole separation during prometaphase, giving rise to monopolar spindles and causing 
mitotic arrest and induction of programmed cell death. KSP and related Mnesins in other, non-human, 
organisms, bundle antiparallel microtubules and slide themrelative to one another, thus forcing the two 
spindle poles apart KSP may also mediate in anaphase B spindle elongation and focussing of 

microtubules at the spindle pole. nno , 1iauffl 
Human KSP (also termed HsEg5) has been described [Blangy, et al., Cell, 83:1159-69 

(1995) - Whitehead, et al., Arthritis Rheum., 39:1635-42 (1996); Galgio et al., J. Cell Biol., 135:339-114 

(1996) ' Blangy, et al., J Biol. Chen,, 272:19418-24 (1997); Blangy, et al., Cell Motil Cytoskeleton, 
40- 174-82 (1998); Whitehead and Rattner, J. Cell Sci., 111:2551-61 (1998); Kaiser, et al., JBC 

274- 18925-31 (1999)- GenBank accession numbers: X85137, NM004523 and U37426] , and a fragment 
of the KSP gene (TRIP5) has been described [Lee, et al., Mol Endocrinol., 9:243-54 ^^^^^^^^ 
accession number L40372] . Xenopus KSP homologs (Eg5), as well as Drosophila K-LP61 F/KRP 130 

have been reported. mrvT 
Certain quinazolinones have recently been described as bemg inhibitors of KSP (PCT 

Publ. WO 01/30768, May 3, 2001). 

Mitotic kinesins are attractive targets for the discovery and development of novel mitotic 
chemotherapeutics. Accordingly, it is an object of the present invention to provide compounds, methods 
and compositions useful in the inhibition of KSP, a mitotic kinesin. 

SUMMARY OF THE INVENTION 

The present invention relates to dihydropyrrole derivatives, that are useful for treating 
cellular proliferative diseases, for treating disorders associated with KSP kinesin activity, and for 
inhibiting KSP kinesin. The compounds of the invention may be illustrated by the Formula I: 
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N 

(R 11 )u^X/(R 10 )t 

R12 A R13 i 

R2 R ox 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 An OPTEP drawing of C ompound 2-5 

FIGURE 2 feB ™ T1PP drawing " f Compound 3-1 In order to simplify 
the drawing most of the hydrogen atoms are not shown. 



DETAILED DESCRIPTION OF THE INVENTION 
The compounds of this invention are 
illustrated by a compound of Formula I: 

(R 4 )n 



useful in the inhibition of mitotic kinesins and are 




N 

(R 11 ) uv -L/(R 10 )t 



'"^N R 13 
/ \ 



R 12 R 

/ \ 

R 2 R°* 
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or 



a pharmaceutically acceptable salt or stereoisomer thereof, 



wherein: 

5 ais Oorl; 

bis Oorl; 

mis 0,1, or 2; 

n is 0, 1, 2 or 3; 

ris Oorl; 
10 sis Oorl; 

tis 0,1 or 2; 

n is 0 or 1; 

Rl and R2 are independently selected from: H, (Ci-C 6) alkyl, aryl, heterocyclyl and (C 3 -C 6 )cycloalkyl, 
15 optionally substituted with one, two or three substituents selected from R7; 

R3 is selected from: 

1) hydrogen; 

2) Ci-Cio alkyl; 

20 3) Ci-Cioalkyl-0-R d , 

4) C2-C10 alkenyl-0-R d , 

5) C2-C10 alkynyl-O-Rd, 

6) (Ci-C6-alkylene)nC3-C8 cycloalkyl-0-R d , 

7) Ci-CioalkyHC=0)b-NR c R c ', 
25 8) C2-Cl0a&enyHC=O)bNRCR c \ 

9) C2-Cl0alkynyl-(C=O)bNR c R c '. 

10) (Ci-C6-alkylene)nC3-C8 cycloalkyl-(C=0)bNRCRc' , 

1 1) C1-C10 alkyl-S(0) m -Rd, 

12) C2-Cl0alkenyl-S(O) m -R d , 
30 13) C2-Cl0alkynyl-S(O) m -Rd, 

14) (Ci-C6-alkylene) n C3-C8 cycloalkyl- S(0) m -R d , 
said alkyl, alkenyl,' alkynyl and cycloalkyl are optionaUy substituted with one or more substituents 
selected from R6; 

35 R4 is independently selected from: 

1) (C=O) a ObCi-Ci0 alkyl, 



-4- 
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2) (C=0) a Obaryl, 

3) CO2H, 

4) halo, 

5) CN, 
5 6) OH, 

7) ObCl-C6 perfluoroalkyl, 

8) O a (C=0)bNR8R9, 

9) S(0) m Ra, 

10) S(0)2NR 8 R 9 . and 
10 11) -OPO(OH)2; 

said alkyl, axyl, alkenyl, alkynyl, heterocyclyl, and cycloalkyl optionally substituted with one, two or 

three substituents selected from R 7 ; 



15 



20 



R5 is selected from: 


1) 


hydrogen; 


2) 


(C=O) a ObCi-Ci0 alkyl, 


3) 


(C=0) a Obaryl, 


4) 


CO2H, 


5) 


halo, 


6) 


CN, 


7) 


OH, 


8) 


ObCi-C6 perfluoroalkyl, 


9) 


O a (C=0)bNR8R9, 


10) 


S(0)mR a , 


ID 


S(0)2NR g R 9 . and 


12) 


-OPO(OH)2; 



25 



three substituents selected fromR 7 ; 

30 R 6 is independently selected from: 

1) (C=O) a ObCl-Cl0 alkyl, 

2) (0=0) a Obaryl, 

3) C2-C10 alkenyl, 

4) C2-C1O alkynyl, 

35 5) (C=0) a Obheterocyclyl, 
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10 



6) 


CO2H, 


7) 


halo, 


8) 


CN, 


9) 


OH, 


10) 


ObCi-C6 perfluoroalkyl, 


11) 


O a (C=0)bNR 8 R 9 . 


12) 


S(0)mR a » 


13) 


S(0)2NR8R9, 


14) 


oxo, 


15) 


CHO, 


16) 


(N=0)R8R9, 


17) 


(C=0) a ObC3-C8 cycloalkyl, and 


18) 


_OPO(OH) 2 ; 



15 three substituents selected from R 7 ; 
R7 is selected from: 





1) 


(C=O)rO s (Ci-Cl0)alkyl. 




2) 


O r (Ci-C3)perfluoroalkyl, 


20 


3) 


oxo, 




4) 


OH, 




5) 


halo, 




6) 


CN, 




7) 


(C2-Cl0)alkenyl, 


25 


8) 


(C2-Cl0)alkynyl, 




9) 


(C=0)rO s (C3-C6)cycloalkyl, 




10) 


(C=O)iO s (C0-C6)alxylene-aryl, 




ID 


(C=O)rO s (C0-C6)alkylene-heterocyclyl, 




12) 


(C=0)rO s (Co-C6)alkylene-N(Rb)2, 


30 


13) 


C(0)R a , 




14) 






15) 


C(0)H, 




16) 


(Co-C6)alkylene-C02H, and 




17) 


(C=0)rN(Rb)2, 


35 


18) 


S(0)mRa 
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19) S(0)2N(Rt>)2; and 

20) -OPO(OH) 2 ; 
said alkyl, alkenyl, alk^^ 

to three substituents selected from Rb, OH, (Ci-C 6 )alkoxy, halogen, C0 2 H, CN, 0(C-0)Ci-C 6 alkyl, 
5 oxo, NO2 and N(R*>)2; 

R8 and R9 are independently selected from: 

1) H, 

2) (C=O)ObCi-Cl0 alkyl, 

10 3) (C=0)ObC3-C8 cycloalkyl, 

4) (C=0)Obaryl, 

5) (C=0)0 D heterocyclyl, 

6) Ci-Cio alkyl, 

7) ' aryl, 

15 8) C2-C10 alkenyl, 

9) C2-C10 alkynyl, 

10) heterocyclyl, 

11) C3-C8 cycloalkyl, 

12) S02R a , and 
20 B) (C=0)NRb 2 , 

said alkyl, cycloalkyl, aryl, heterocylyl, alkenyl, and alkynyl is optionally substituted with one, two or 
three substituents selected from R 7 , or 

R8 and R9 can be taken together with the nitrogen to which they are attached to form a monocyclic or 
25 bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nuxogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected from R7; 



30 



RlO and Rll are independently selected from: F and -CH2F; 
Rl2 and R* 3 are independently selected from: H and -CH2F; 



R ox is absent or is oxo; 
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R a is independently selected from: (Ci-Cfldkyl. (C 3 -C6)cycloalkyl, aryl, or heterocyclyl, optionally 
substituted with one, two or three substituents selected from R7; 

Rb is independently selected from: ft (Chatty!, aryl, heterocyclyl, (C 3 -Q0cycloalkyl, (C=0)Od- 
C6 alkyl, (C=0)C1-C 6 alkyl, (C=0)aryl, (C=0)heterocyclyl, (C=0)NR e R e 'or S(0)2Ra, optionally 
5 substituted with one, two or three substituents selected from R7; 

Rcand RC are independently selected from: ft (Ci-C 6 )alkyl, aryl, NH 2 , Oft ORa, -(Ci^alkyl-OH - 
(d-C^alkyWC^alkyl, (C=0)0 Cl -C 6 alkyl, (C=0)C^ alkyl, (C=0)aryl, (0=0)heterocyclyl, 
(C=0)NRe R e S(0 )2 Ra and -(Ci-C^alkyl-NCR^, wherein the alkyl is optionally substituted w«h one, 
10 two or three substituents selected from R?; or 

Rc and RC can be taken together with the nitrogen to which they are attached to form a monocyclic or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the mtrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle . 
15 optionally substituted with one, two or three substituents selected fromR7; 

Rd is selected from: H, (Chalky!, -<C 2 -C 6 )alkyl-OH, -(d-C^alkyWCl^alkyl and -(d- 
C 6 )alkyl-N(R b )2, wherein the alkyl is optionally substituted with one, two or three substituents selected 



20 



25 



fromR^v, 



Re ^ Re' are independently selected from: ft (d-C^alkyl, aryl, heterocyclyl and (C 3 -C6)cycloalkyl, 
optionally substituted with one, two or three substituents selected from R7; or 

R e and Re' can be taken together with the mtrogen to which they are attached to form a monocyclic or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the mtrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected from R?. 

The compounds of this invention are useful in the inhibition of mitotic kinesins and are 
30 illustrated by a compound of Formula II: 
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or a pharmaceutically 




wherein: 


5 








a is 


0 or 1; 




bis 


Oor 1; 




mis 


0, l,or2; 




n is 


0, 1, 2 or 3 ; 


10 


r is 


0 or 1; 




sis 


Oor 1; 




tis 


0 or 1; 



Rl and R2 are independently selected from: H, (Ci-C6)alkyl, aryl, heterocyclyl and (C 3 -C6)cycloalkyl, 
15 optionally substituted with one, two or three substituents selected from R7; 

R3 is selected from: 

1) hydrogen; 

2) Ci-CiO alkyl; 

20 3) Ci-Cioalkyl-O-RQ, 

4) C2-C10 alkenyl-O-Rd, 

5) C2-C10 alkynyl-0-R d , 

6) (Ci-C6-alkylene)nC3-C8 cycloalkyl-0-R d , 

7) Ci-CioalkyKC=0)b-NR c R c '» 
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8) C2-Cl0alkenyl-(C=O)bNR c R c> » 

9) C2-Cl0alkynyl-(C=O)bNR c R c ', 

10) (Ci-C6-alkylene) n C 3 -C8 cycloalkyl-(C=0)bNRCRc' . 

11) Ci-Cio alkyl-S(0) m -R d . 

12) C2-C10 alkenyl- S(0) m -R d , 

13) C2-Cl0all£ynyl-S(O) m -R d , 

14) (Ci-C6-alkylene) n C3-C8 cycloalkyl- S(0) m -R d , 

said alkyl, alkenyl, alkynyl and cycloalkyl are optionally substituted with one or more substituents 
selected from R 6 ; 



10 



R4 is independently selected from: 

1) (C=O) a ObCi-Ci0 alkyl, 

2) (C=0) a Obaryl, 

3) CO2H, 
15 4) halo, 

5) CN, 

6) OH, 

7) ObCl-C6P erfluoroalk y 1 ' 

8) O a (C=0)bNR 8 R 9 . 
20 9) S(0) m Ra, 

10) S(0)2NR8r9, 

.aid ancyl, ary!. afcnyl, aUcynyl, haterocyd,., and cycloaKyl optionally substituted with one, t»o or 
three substituents selected fromR 7 ; 



25 R 5 is selected from: 



1) 


hydrogen; 


2) 


(C=O) a ObCl-Cl0 alkyl, 


3) 


(C=0) a Obaryl, 


4) 


CO2H, 


5) 


halo, 


6) 


CN, 


7) 


OH, 


8) 


ObCl-C6 perfluoroalkyl, 


9) 


O a (C=0)bNR 8 R 9 , 


10) 


S(0) m R a , 
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11) S(0)2NR 8 R 9 > ^ 
1T> ~OPO(OH) 2 ; 

.aid **. «* — * «— - °« ° Pfi0naUy 

three substituents selected fromR 7 ; 

5 

R6 is independently selected from: 

1) (C=0) a ObCl-ClOalkyl, 

2) (C=0) a Obaryl, 

3) C2-Cioalkenyl, 
10 4 ) Cz-ClOJdkyay 1 ' 

5) (C=0) a Ob heterocyclyl, 

6) CO2H, 

7) halo, 

8) CN, 

15 9) OH, 

10) ObCi-C6 perfluoroalkyl, 

11) O a (C=0)bNR 8 R 9 » 

12) S(0)mRa, 

13) S(0)2NR g R 9 . 

20 -14) oxo, 

15) CHO, 

16) (N=0)R8R9, 

17) (00) a ObC 3 -C8 cycloalkyl, and 

25 .aid afcZryl. and c» — — - «» " 

three substituents selected fromR 7 ; 

R7 is selected from: 

1) (C=O)rOs(Ci-Ci0)alkyl, 
30 2) Or(Ci-C3)perfluoroalkyl, 

3) oxo, 

4) OH, 

5) halo, 

6) CN, 

35 7) (C2-Cl0>lkenyl, 
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8) (C2-Cl0)alkynyl, 

9) (C=0)rO s (C3-C6)cycloalkyl, 

10) (C=O)rO s (C0-C6)alkylene-aryl, 

11) (C=O) r O s (C0-C6)alkylene-heterocyclyl, 

12) (C=O)rO s (C0-C6)alkylene-N(Rb)2, 

13) C(0)R a , 

14) (Q)-C6)alkylene-C02R a , 

15) C(0)H, 

16) (Co-^alkytene-C 0 ^' 

17) C(0)N(R^)2, 

18) S(0)mR a , 

19) S(0)2N(R^)2; and 

20) -OPO(OH)2; 



20) -Urui,un^, . ... 

saidaJkyl, alkenyl, al^^ 

to three substituents selected from Rb, OH, (d-^alkoxy, halogen, CG 2 H, CN, 0(C-0)Ci C 6 ucy 



oxo,N02andN(Rl>)2; 



R8 and R9 are independently selected from: 



1) 


H, 


2) 


(C=O)ObCi-Cl0 alkyl, 


3) 


(C=0)ObC3-C8 cycloalkyl, 


4) 


(C=0)Obaryl, 


5) 


(C=0)Obheterocyclyl, 


6) 


Ci-CiO alkyl, 


7) 


aryl, 


8) 


C2-C1O alkenyl, 


9) 


C2-C10 alkynyl, 


10) 


heterocyclyl, 


11) 


C3-C8 cycloalkyl, 


12) 


S02R a , and 


13) 


(00)NR b 2, 



three substituents selected fromR 7 , or 
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P8 .RPcanbetakentogetherwiththexutrogentowhichtheyareattachedtofom 

R8 and Ry can be taken togem ^^nv containing, in addition to the nitrogen, 

u- v„ fc P tProcvcle with 3-7 members in each nng and optionally containing, m au 

bicychc heterocycle wita m onocyclic or bicyclic heterocycle 

one or two additional heteroatoms selected fromN, O and b, saia m y 

optionaUy substituted with one, two or three snbstituents selected fromR ; 

5 

RlO i s selected from: F and -CH2F; 

R13 is selected from: H and -CH 2 F. Prided that if t is 1, Rl3 is H; 

10 R ox is absent or is oxo; . 

R a is independentiy selected from: (C^aKyl, aryl, or heterocyclyl, optionally 

snbstitnted with one, two or three snbstituents selected from R?; 

, a 4v u tct r^alkvl aryl heterocyclyl, (C3-C6)cycloalkyl, (C=0)OCi- 
15 Rb is independently selected from: H, (Ci-C 6) alkyl, aryl yy 

C 6 alkyl, (C=0)Cl-C6 alkyl, (C=0)aryl, (C=0)heterocyclyl, (C=0)NR e R e or S(0 )2 K P 
substituted with one, two or three snbstituents selected from R7; 

two or three substitoents selected from R 7 ^ or 

optionaUy substituted with one, two or three snbstituents selected fromR ; 



30 



£^ Re' «. » select *« a (ft «. 4 - 
optionally suWrtufcd with one, wo or three substituents selected tomtf; or 
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R e and Re' can be taken together with the nitrogen to which they are attached to form a monocychc or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen, 
one or two additional heteroatoms selected from N, O and S, said monocychc or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected from R 7. 

In an embodiment of the invention the compounds are illustrated by a compound of 

Formula Et 



10 



20 




or a 



pharmaceutically acceptable salt or stereoisomer thereof, 



wherein: 



a is Oorl; 

b is 0 or 1; 

15 mis 0,1, or 2; 

nis 0,1 or 2; 

ris Oorl; 

sis Oorl; 



Rl and R2 are independently selected from: H, (Ci-C 6) alkyl, aryl and (C3-C6)cycloalkyl, optionally 
substituted with one, two or three substituents selected from R?; 



R4 is independently selected from: 
1) halo, 



14- 
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2) 


OH, 




3) 


ObCi-C6 perfluoroalkyl, 




R5 is selected from: 


5 


1) 


hydrogen, 




2) 


halo, 




3) 


OH, 




4) 


ObCi-C6 perfluoroalkyl, 


10 


R7 is selected from: 




1) 


(C=O)rOs(Ci-Ci0)alkyl, 




2) 


Or(C i-C3)perfluoroalkyl, 




3) 


oxo, 




4) 


OH, 


15 


5) 


halo, 




6) 


CN, 




7) 


(C2-Cl0)alkenyl, 




8) 


(C2-Cl0)alkynyl, 




9) 


(C=0)rOs(C3-C6)cycloalkyl, 


20 


10) 


(C=0)rOs(Co-C6)alkylene-aryl, 




U) 


((>O) r Os(C0-C6)alkylene-heterocyclyl, 




12) 


(C=O)rO s (C0-C6)alkylene-N(Rb)2, 




13) 


C(0)R a , 




14) 


(Q)-C6)alkylene-C02R a , 


25 


15) 


C(0)H, 




16) 


(C0-C6)alkylene-CO2H, and 




17) 


C(0)N(Rt>)2, 




18) 


S(0) m Ra, and 




19) 


S(0)2N(Rb) 2 ; 


30 


said alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylene and 



oxo,N02andN(Rb)2; 

R8 and R 9 are independently selected from: 

35 1) H, 

2) (C=O)ObCi-Ci0 alkyl, 
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3) 


(C=0)ObC3-C8 cycloaiKyi, 


4) 


(C=0)0baryl, 


5) 


(C=0)Obheterocyclyl, 


6) 


Ci-Cio alkyl, 


7) 


aryl, 


8) 


C2-C10 alkenyl, 


9) 


C2-C10 alkynyl, 


10) 


heterocyclyl, 


11) 


C3-C8 cycloalkyl, 


12) 


S02R a , and 


13) 


(00)NRt>2* 



three substituents selected from R 7 , or 

R8 and R9 can be taken together with the nitrogen to which they are attached to form a monocyclic or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nttrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected fromR?; 

20 Ra is independently selected from: (Ci-Q>)alkyl, (C3-C6)cycloalkyl, aryl, or heterocyclyl, optionally 
substituted with one, two or three substituents selected from R7; 

R b is independently selected from H, (Chalky!, aryl, heterocyclyl, (C 3 -C 6 )cycloalkyl, (C=0)0 Cl - 
C 6 alkyl, (C=0) Cl -C6 alkyl, (C=0)aryl, (C=0)heterocyclyl, (C=0)NR e R e or 8(0^, optionally 
25 substituted with one, two or three substituents selected from R7; 

Rcand RC are independently selected from: H, (Ci^alkyl, aryl, NH 2 , OH, ORa, -(d-C^alkyl-OH - 
(C^alkyWd-C^alkyl, ^ alkyl, (C=0) Cl -C 6 alkyl, (00)aryl, (^heterocyclyl, 
(C=0)NR e R e ', S( 0)2 Ra and -(d-C^alkyl-NCR^ wherein the alkyl is optionally substttuted wxth one, 
30 two or three substituents selected from R 7 » or 

rc ^ rc' can be taken together with the nitrogen to which they are attached to form a monocyclic or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the mtrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
35 optionally substituted with one, two or three substituents selected from R?; 
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R e and Re' are independently selected from: H, (Ci-C 6 )alkyl, aryl, hetexocyclyl and (C 3 -C6)cycloalkyl, 
optionally substituted with one, two or three substituents selected from R?; or 

R e and Re' can be taken together with the nitrogen to which they are attached to form a monocyclic or 
bicychc heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected from R7. 

Another embodiment of the present invention is illustrated by a compound of Formula 

IV: 




or a pharmaceutically acceptable salt or stereoisomer thereof, 
15 wherein: 

a is 0 or 1; 
b is 0 or 1; 
mis 0,1, or 2; 
20 r is 0 or 1; 
sis Oorl; 

Rl and R2 are independently selected from: H and (Ci-C 6 )alkyl, optionaUy substituted with one, two or 
three substituents selected from R7; 

25 
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r4 is independently selected from: 

1) halo, 

2) OH, 

3) ObCi-C6perfluoroalkyl, 

5 

R7 is selected from: 

1) (C=O)rO s (Ci-Ci0)alkyl, 

2) O r <Ci-C3)perfluoroallQ'l, 

3) oxo, 
10 4) OH, 

5) halo, 

6) CN, 

7) (C2-Cio)alkenyl, 

8) (C2-Cl0)alkynyl, 

15 9) (C=0)rOs(C3-C6)cycloalkyl, 

10) (C=0)rOs(C()-C6)alkylene-aryl, 

1 1) (C=O)rOs(C0-C6)alkylene-heterocyclyl, 

12) (C=O)rOs(C0-C6)alkylene-N(Rb)2> 

13) C(0)R a , 

20 14) (Q)-C6)alkyleiie-C02R a , 

15) C(0)H, 

16) (Q)-C6)allcylene-C02H, and 

17) C(0)N(Rt>)2, 

18) S(0)mR a > and 
25 19) S(0)2N(tf>)2; 



19) stu^Nu^z; , . , 

to three substituents selected from R«\ OH, (Ci-C6)aiKoxy, naiogc ^ 



oxo,N02andN(Rb)2; 



30 R8 and R9 are independently selected from: 

1) H, 

2) (C=O)ObCl-Cl0 alkyl, 

3) (C=0)ObC3-C8cycloalkyl, 

4) (C=0)Obaryl, 

35 5) (C=0)Obheterocyclyl, 
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6) 


Ci-Cio alkyl, 


7) 


aryl, 


8) 


C2-C10 alkenyl, 


9) 


C2-C10 alkynyl, 


10) 


heterocyclyl, 


ID 


C3-C8 cycloalkyl, 


12) 


S02R a , and 


13) 


(O0)NRb 2 , 



said alkyl, cycloalkyl, aryl, heterocylyl, alkenyl, and alkynyl is optionally substituted with one, two or 
three substituents selected fromR7, or 

R8 and R9 can be taken together with the nitrogen to which they are attached to form a monocyclic or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected from R 7 ; 

Ra is independently selected from: (Ci-C 6 )alkyl, (C 3 -C6)cycloalkyl, aryl, or heterocyclyl, optionally 
substituted with one, two or three substituents selected from R 7 ; 

Rb is independently selected from: H, (Ci-C6)alkyl, aryl, heterocyclyl, (C 3 -Qi)cycloalkyl, (C=0)OGi- 
C6 alkyl, (C=0)Ci-C6 alkyl, (C=0)aryl, (C=0)heterocyclyl, (C=0)NR e R e 'or S(0) 2 Ra, optionally 
substituted with one, two or three substituents selected from R7; 

Rcand Rc * are independently selected from: H, (d-C 6 )alkyl, aryl, NH 2 , OH, ORa -(Ci-Q^alkyl-OH, - 
(Ci-C6)alkyl-0-(Ci-C6)alkyl, (C=0)OCi-C6 alkyl, (C=0)Ci-C6 alkyl, (OO)aryl, (C=0)heterocyclyl, 
(C=0)NReRe S(0)2Ra and -(Ci-C 6 )alkyl-N(R b )2, wherein the alkyl is optionally substituted with one, 
two or three substituents selected from R'"> or 

Rc and RC can be taken together with the nitrogen to which they are attached to form a monocyclic or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected from R7; 

Re and Re' are independently selected from: H, (Ci-C6)alkyl, aryl, heterocyclyl and (C3-C6)cycloalkyl, 
optionally substituted with one, two or three substituents selected from R7; or 
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R e and R e * can be taken together with the nitrogen to which they are attached to form a monocyclic or 
bicyclic heterocycle with 3-7 members in each ring and optionally containing, in addition to the nitrogen, 
one or two additional heteroatoms selected from N, O and S, said monocyclic or bicyclic heterocycle 
optionally substituted with one, two or three substituents selected from R?. 

A further embodiment of the present invention is illustrated by a compound of Formula 

V: 




or a pharmaceutical^ acceptable salt or stereoisomer thereof, 
wherein: 

Rl and R2 are independently selected from: H and (Ci-C6)alkyl. 

A further embodiment of the present invention is illustrated by a compound of Formula 

VI: 
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15 




or 



a pharmaceutical!? acceptable salt or stereoisomer thereof, 



wherein: 

Rl and R2 are independently selected from: H and (Ci-C6)alkyl. 

Specific examples of the compounds of the instant invention include: 

10 (2^2,5-Difluorophen^^ 

phenyl-2,5-dihydro-m-pyrrole-l-carboxamide 

(2SHK 2,5-Di^^^ 
phenyl-2,5-dihydro-m-pyrrole-l-carboxamide 

2-phenyl-2,5-dihydro-lH-pyrrole-l-carboxamide 

(2 ^2,5-Dmuorophen* 
20 phenyl-2,5-dihydro-lH-pyrrole-l-carboxamide 

dihydro-lH-pyrrole-l-carboxamide 
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(2SMK2,5-Difluorophenyl)^ 
dihy dro- l//-pyrrole- 1 -carboxamide 

(2S)-4<2,5-imiorophenyl)-/TO 
5 dihy dro- IH-pyrrole- 1 -carboxamide 

OSH-C2,54>ffluorophen 

methyl-2-phenyl-2,5^hydro-lH-pyrrole4K:arboxamide 

10 (2S)-4<2,5-Difluorophenyl^^ 

methyl-2-phenyl-2,5-dihydro-lH-pyrrole-l-carboxainide 

(2SM-(2>Difluorophenyl^^ 

methyl-2-phenyl-2,5^ydro-lH-pyrrole-l-carboxamide 

15 

(2SMK2,5-Difluorophenyl^^ 
2,5^iihydro-l^-pyiTole-lK:arboxairiide 

(2S)^(2,5-Difluorophenyl)^ 
20 methyl-2-phenyl-2,5^ihydrcKlH-pyrrole-l^arboxanud 

(2S)^(2,5-Difluorophe^ 
2,5-dihydro-lif-pyrrole-l-carboxamide 

25 or a pharmaceutically acceptable salt or stereoisomer thereof. 

Particular examples of the compounds of the instant invention are: 
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CH 3 

(2SW2,5-Dffluorophenyl)-AH^ 
phenyl-2,5-dihydro-lH-pyrrole-l-carboxamide 




CH 3 

5 (2S)-4-(2>Difluorophenyl)-j^^ 

phenyl-2,5nimydro-lH-pyrrole-l-carboxatDide 
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"N — OH 



N 
CH 3 



phenyl-2,5-dihydro-lH-pyrrole-l-carboxamide 




5 c«H««n««^ 

methyl-2-phenyl-2,5-dihydro-l//-pyrrole-l-carboxaniide 
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o 



N 
CH 3 



dibydro-lH-pyrrole-l-carboxamide 

or a pharmaceuticaUy acceptable salt or stereoisomer thereof. 

The compounds of the present invention may have asymmetric centers, chiral axes, and 
chiral planes (as described in: E.L. Eliel and S.H. Wilen, Stereochemistry of Carbon Compounds,^ 
Wiley & Sons, New York, 1994, pages 1119-1190), and occur as racemates, racemic mixtures, and as 
individual diastereomers, with all possible isomers and mixtures thereof, including optical isomers all 
such stereoisomers being included in the present invention. In addition, the compounds d.sclosed herem 
.nay exist as tautomers and both tautomeric forms are intended to be encompassed by the scope of the 
invention, even though only one tautomeric structure is depicted. 

When any variable (e.g. R4. R?. RlO. etc.) occurs more than one time m any constituent, 
its definition on each occurrence is independent at every other occurrence. Also, comhmauons of 
substimentsandvanablesarepermissibleomyifsuchcombmationsresultmstablecompo Lmes 

drawn into the ring systems from substituents represent that the indicated bond may be arched to any of 
the substitutable ring atoms. If the ring system is polycyclic, it is intended that the bond be attached to 
any of the suitable carbon atoms on the proximal ring only. 

It is understood that substituents and substitution patterns on the compounds of the 
instant invention can be selected by one of ordinary skill in the art to provide compounds that are 
chemically stable and that can be readily synthesized by techniques known in the art, as well as those 
methods set forth below, from readily available starting materials. If a substituent is itself subsfctuted 
with more than one group, it is understood that these multiple groups may be on the same carbon or on 
different carbons, so long as a stable structure results. The phrase "optionally substituted wxth one or 
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bst ituents» should be taken to be equivalent to the phrase "optionally substituted with at least one 
As used herein, "alkyl" is intended to mclude both branched and snugW 

branched arrangement. For example, Ci-Cioalkyl specin y 

For example "cycloalkyl" includes cyclopropyl, methyl-cyclopropyl, 2,2-dnnethyl- 
carbon atoms, ror example, jr «f t i« invention the term 

cvclobutyl 2-ethyl-cyclopentyl,cyclohexyl,andsoon. m an embodunent of the mventron the 

When used in the phrases "Ci-C6aralkyl ^ L l^ n 

alkyl and cycloalkyl above. « a1keliv i» refers to a non-aromatic 

If no number of carbon atoms is specified, the term alkenyl reters 

■ - ^^ot^inrarbon atoms and at least one 

^ylbotenylandoyciohexenyl. The straight, bached or cycuc port™ of the alteoyl gro P 
12. doobie bonds and *ay be aobautntod if a aiseny. srenp . 

m T^-aUcynyrreferstoahydrocarb^^^ 

35 if a substituted alkynyl group is mdicated. 
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m certain instances, substituents may be defined with a range of carbons that mcludes 
zero suchas(C0-C6)alkylene-aryl. If aryl is taken to be phenyl, this definition would inclnde phenyl 
itself as well as -CH 2 Ph, -CH 2 CH 2 Ph, CH(CH 3 )CH 2 CH(CH 3 )Ph, and so on. 

As used herein, "aryl" is intended to mean any stable monocyclic or bicyclic carbon ring 
5 ofuptoTaton^smeachrmg.wherematleastonermgisaromatic.Examplesofsucharyl^ 

includephenyl,naph^ fo cases where the aryl subsUtuent 

is bicyclic and one ring is non-aromatic, it is understood that attectoent i§ ^ ^7°™/ . of up 
The term heteroaryl, as used herein, represents a stable monocyclic or bxcychc nng of up 
toTatomsineach ring, wherein at least one ring is aromatic and contains 
10 selectedfrommegroupconsis^^^ 

include but are not limited to: acridinyl, carbazolyl, cinnolinyl, quinoxalinyl, pyrrazolyl, mdolyl, 

benzotriazolyl.fm^yl,^ 
isoxazoly 1, mdoly, pyrazmyl, pyridazmy, p^ 
.edefuntionofheterocyclebelow, "heteroaryl" 
15 anynitrogen-containingheteroaryl. In cases where the heteroaryl substituent rs brcychc and one nng * 

noLonLcorcontainsnoh* 

the heteroatom containing ring, respectively. 

The term "heterocycle" or "heterocyclyl" as used herein is intended to mean a 5- to 10- 

m embered aromatic or nonaron^c hetero^ 

20 groupconsistingofO.NandS.andincludesbicycUcgroups. heterocyclyl" therefore mcludes the 
Lve mentioned heteroaryls, as well as dihydro and tetramydro analogs mereof. Furmer examples of 
"heterocyclyl" include, but are not limited to the following: benzoimidazolyl, benzofuranyl 
benzofurazanyl, benzopyrazolyl, benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazo yl, carbohnyl, 
cinnolinyl, furanyl, imidazolyl, indolinyl, indolyl, indolazinyl, indazolyl, isobenzofuranyl, .somdolyl, 

25 isoquinolyl, isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl, oxazolyl, oxazohne xsoxazolme 
oxetanyl.pyranyl.pyrazmyl.pyrazolyl.pyridazm^^^ 

pyrrolyl, quinazolinyl, qumolyl, quinoxalinyl, tetrahydropyranyl, tetrahydrothiopyranyl, 
Lhydroisoquinolinyl, tetrazolyl, tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, tnazolyl azeUdmyl, 
1 4-dioxanyl, hexahydroazepinyl, piperazinyl, piperidinyl, pyridin-2-onyl, pyrrolidinyl, morphohnyl, 

30 thiomorpholinyl, dihydrobenzoimidazolyl, dihydrobenzofuranyl, dihydrobenzothiophenyl. 

dihydrobenzoxazolyl, dihydrofuranyl, dihydroimidazolyl, dihydroindolyl, dihydroisooxazolyl, 
dihydroisothiazolyl, dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl, dihydropyrazolyl, 
dihydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl, dihydroquinolinyl, dihydroten^zolyl, 
dihydrothiadiazolyl, dihydrothiazolyl, dihydrothienyl, dihydrotriazolyl, dihydroazeUchnyl 

35 memylenedioxyb*nzoyl,te^^ Attachmentof 
a heterocyclyl substituent can occur via a carbon atom or via a heteroatom 
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Preferably, heterocycle is selected from 2-azepinone, benzimidazolyl, 2-diazapinone, 
imidazolyl, 2-imidazolidinone, indolyl, isoquinolinyl, morpholinyl, piperidyl, piperazinyl, pyridyl, 
pyrrolidinyl, 2-piperidinone, 2-pyrimidinone, 2-pyrollidinone, quinolinyl, tetrahydrofuryl, 
tetrahydroisoquinolinyl, and thienyL 

As appreciated by those of skill in the art, "halo" or "halogen" as used herein is intended 

to include chloro, fluoro, bromo and iodo. 

The alkyl, alkenyl, alkynyl, cycloaUcyl, aryl, heteroaryl and heterocyclyl substituents 
may be substituted or unsubstituted, unless specifically defined otherwise. For example, a (Cl-C6)alkyl 
may be substituted with one, two or three substituents selected from OH, oxo, halogen, alkoxy, 
dialkylamino, or heterocyclyl, such as morpholinyl, piperidinyl, and so on. In this case, if one 
substituent is oxo and the other is OH, the following are included in the definition: 
-C=0)CH2CH(OH)CH3, -(C=0)OH, -CH2(0H)CH2CH(0), and so on. 

In certain instances, R8 and R9, Rc and Re' and Rf and Rf are defined such that they 
can be taken together with the nitrogen to which they are attached to form a monocyclic or bicyclic 
heterocycle with 5-7 members in each ring and optionally containing, in addition to the nitrogen, one or 
two additional heteroatoms selected fromN, O and S, said heterocycle optionally substituted with one or 
more substituents selected from R7. Examples of the heterocycles that can thus be formed include, but 
are not limited to the following, keeping in mind that the heterocycle is optionally substituted with one or 
more (and in an embodiment, one, two or three) substituents chosen from R 7 : 




In certain instances, R<* and R<*' are defined such that they can be taken together with the 
phosphorous to which they are attached to form a monocyclic heterocycle with 5-7 members in the ring 
and optionally containing, in addition to the nitrogen, one or two additional heteroatoms selected from 
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keepi to .fed that ft. MpO* - •»*■* — ta - 4 "* - " ■"" " " "*°*"* 
one or two) substituents chosen from R 7 : 

fto i^O to & ^0 



10 



15 



20 



25 




In an embodiment, Rl is selected from H and C1-C6 alkyl. 
In an embodiment, R2 is selected from H and C1-C6 alkyl. 

In an embodiment, Rl 2 is H. xrofpf' 
m an embodiment, R3 is selected from -Cl-ClO alkyl-O-Rg and -C^lO alkyl- NRftf , 
optionally substituted with one to two substituents selected fromRlO. 

manembodiment,R4isindependently S electedfromhalogenandOR Inafurther 

embodiment, n is 2 and R* is independently selected from halogen. 

to an embodiment, R5 is independently selected fromH, halogen and OH. 
In an embodiment, u is 0. 

In an embodiment, t is 1, R™ is fluoro and Rl3 is H. 
In another embodiment, t is 0 and Rl3 is fluoromethyl. 

hi an embodiment, R 0 * is absent • 
Included in the instant invention is the free form of compounds of Formula I, as well as 
the pharmaceutical acceptable salts and stereoisomers thereof. Some of the specific compounds 
exeLifiedherema^the^ The term "free form' referstothe 

aZ^ 

the salts exemplified for the specific compounds described herein, but also all the typical 
pharmaceutically acceptable salts of the free form of compounds of Formula I. The free form of the 

IpXaltconUdsdescri^^ 

dilute aqueous NaOH, potassium carbonate, ammonia and sodium bicarbonate. The free 
dLfromtheir respective salt forn. somewhat m certam physical properties, such . 
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15 



20 



forms for ptoses of the invention. cotnpounds can be synthesized from 

Similarly, the salts of the acidtc compounds are formed by reacu 
organicbase. 

disulfonic.oxaUcasethioni^trifluoroaceticandthelJce « pharma ceutically 
When the compound of the present invention is acidic, suitable pnarm* 

^--^^rr^^rnrjnri 

taor ^c bases andorganrcbases. Salts denvedfro- un g ^ ^.^ 

crdcium, copper, feme, ferroua, lithium, magnesrum, ^^^ZL^mtm - 
^ and the Bite. Particularly prefened are the ammonrum, ealcrun, «-•--»» 

Wical pharmaceutical* acceptable salts U more fully descnbed by Berg 
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internally against the cationic 
nitrogen atom. 



charge of a protected or alkylated basic moiety, such as a quaternary 
, used in the Schemes and Examples, are defined below: 



The following abbreviations 




LAH 
LiHMPS 
MsCl 



NaHMDS 



NOE 



PTC 



TBSC1 
TEA, 
TFA 
THF 



Lithium aluminum hydride 
Lithium hexamethvldisilazide 
Methanesul fon ylchloride 



Sodium hexa meth vldisilazide 



Nuclear Overhauser Effect 



Phase transfer catalyst 



tert-butvldimrt hylsilvl chloride 
Triethylamine 
Trifluoroacetic acid 
Tetrahydrofuran 



10 



Thecompounds of this invention may be prepared by employing reactions as shown in 

Z Virion to other standard manipulations that are known in the literature or 
fcefonowmg schemes^ 

r^tS^^^^" 0 " substituent 
r^shtwt:- 

allowed under the definitions of Formula I hereinabove. 
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20 



M sh0 ™, to Scheme A. key 2,2-disubstto.teo dihydtopvrrole intermediate M ma, be 
4. Ruthenium ox '^"™ ° f d decarboxylation results in intermediate A-6. Turing 

a ■ ririnnP The cis and trans diastereomeric pairs may often be separated oy 
with the N-protected pmendone. The and t chroma tographic 
gel chromatography and the enantiomers may often be separated uui 

teChDiqUeS ' ^^-.W--*-^^ 
^ydropyrroteintermediateA^toprovide^^ 

Scheme D illustrates preparation of 2-fluorometnyi-H <uuu vv 

intern^etolMandtheltoghomnloEomcornponndD-S. Thesetntenn 

the anunopiperidtoe provides the tostan. „ provide fc ^ 

Scheme J illustrates homologahon of the 2-autyl stoeoau. 



35 

compounds J-3 and J-4. 
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Schemes K to M illustrate further modifications of the C-2 alkyl sidechain starting with 
the intermediate aldehyde H-l. Thus in Scheme K, the aldehyde H-l is treated with a Grignard reagent, 
such as an alkyl Grignard, to provide the hydroxy compound K-l. 

Scheme L illustrates homologation of the C-2 side chain. The aldehyde H-l is treated 
with a phosphonoacetate and the conjugated double bond is then reduced to provide the ester L-l. 
Subsequent reduction of the ester and oxidation of the alcohol provides the aldehyde L-3, which can 
reductively alkylate a suitably substituted amine to provide the instant compound L-4. Further alkylation 

of L-4 is also illustrated. 

Scheme M illustrates fluorination of the C-2 sidechain and subsequent conversion of the 
hydroxyl moiety to an amine via displacement of the corresponding triflate with sodium azide. 

Scheme N illustrates incorporation of a difluoromethyl moiety into the C-2 sidechain. 
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1.TMSC1 
V TEA, DMF 

Q O 2. Selectfluor 
CH 3 CN 




1.R 1 NH 2 , 

NaBH(OAc) 3) DCE 




B-1 





1 . 1 ,4-cyclohexadiene 
Pd/C, EtOH 



N 2. H(CH 2 )o- 5 CH=0 > 
NaCNBH 3 , MeOH 

O O 
B-3 



9 O 2. BOC 2 0, TEA, DCM 
3. CSP HPLC 

B-2 



O N l.HCI(g) 
EtOAc 



2. K 2 C0 3 , H 2 0 



HN' 

6" 

N 
i 



CH2(CH2)o-5H 



B^5 



B-4 



SCHEME C 



NHR 1 




1. TEA 




A-9 I 



N^-OTBS 2 - HF " TEA ' CH 3 CN 
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SOffiNffiD 



1 . S0 3 -pyridine, TEA, 
DMSO/CH 2 CI 2 



OMe 




2. MeNH 2 , NaCNBH 3 , N „ 
MeOH/AcOH ° 

3. BOC 2 0,TEA,CH 2 CI 2 jf J O O 



OMe 



Me> 



Me ^N A 0^< Me. JLJ< 



DAST, CH 2 CI 2 , ,v, ^n^ O^ ^ Me. N 



1.UBH 4 , THF 



hi" "O' ^ ' V " NO 

78 0 Ctort 

+ 




2. Pd/C,EtOH . . QH 
1 ,4-cyclohexadiene, n ' " 

3. CH 2 0, NaCNBH 3) Me 
MeOH/AcOH u ' c> 





Me D-5 



LHCI.EtOAc 

2. A-9, TEA, THF Me - N ^0 

3. TFA 




-R 5 




N 
Me 



D-6a 
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SCHEME E 



Ph' 



O 

H 



,C0 2 H 



1.SOCI 2 , DCM 

2. HNMeOMe, TEA 

3. Mel, NaH 

4. DIBAL-H 




1. Pd/C 
H 2 , H+ 

2. Swem 
Oxidation 



Ph" 



fluoroacetone, 
Bu 2 BOTf, 
O iPr 2 NEt, CH 2 CI 2 



I 

Me 




1. H 2 NMe 
NaCNBH 3> H+ 

2. A-9.TEA Me^ N ^ 





SCHEME F 




5 
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SCHEME 0 
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SCHEME H 
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SCHEME I 




-40- 



WO 2005/019206 



PCT/US2004/026012 



SCHEME J 




Tl l.trimethyl 
** phosphonoacetate, 
n NaH, THF 

2. DIBAL-H, CH 2 C1 2 





N' 

OH rV 

N O 



l.NiCl 2 ,NaBH4, %±J 



A 2 ! 

MeOH 



2. MsCl, TEA, 
DCM 

3. NaN 3 , DMF 

4. PPh 3 , THF/H 2 0 



11 R^NH-HCl, 




4AMS 

— " R 1 

Na(OAc)3BH,DCE "(vT^O 



NR°R 




J-4 
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SCHEME K 
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SCHEME M 
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SCHEME N 




R 5 \ 

1) diethyl(difluoromethyl) 
phosphonate 




LDA,THF,-78°C N v f 

RV ^"OMe 2) NaOMe, MeOH 



N o 




L-l 




1) benzylamine, TiCI 4 
TEA, DCE; 

t hen NaCNBH 3 in MeOH 

2) cyclohexadiene, Pd/C, HOAc 




Utilities 

Tto compounds of the invention find use to a variety of applications. As will be 

. r, o^t^ i> * disrupted) by disturbing equilibrium, either by inhibiting or 

differently, mitosis may be affected (e.g., disrupted; oy uiai & 

activating certain components. Similar approaches may be used to alter meiosis. 

InaZferredembodimen.mecompoundsofmemventionareused 

spin dleformation,thu S causingprolongedceU cycle — ^^^^^^^ 

Iringmitoucspmdlefo^ totiT 
spindl! ^formation" herein is meant organization of micrombules into bipolar structures by mitotic 
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10 



15 



20 



Bnesins. By "mHotic aptadle dysfunction" herein is mean, tnUotic arres. and monopolar spindle 
formation. ^ ^ ^ ^ ^ ^ ^ ^ ^ fc ^ 0 , 

Ltic U nesins(asdescr ib edinU.S.Pa«en, N o.6,m480,colnmn5). to a further prefertrf 

mduded within me definition of KSP for these purposes are variant; and/or ftagmen* of KSP. In 
addition, other mitotic kinesina may be tahibtted by me componnda of the present mvention. 

TKecon^nndsofmemventiona^nseJti.t^a.cennla.prolifemnond.se^.Dts^ 

suttes which can be treated b, the memoda and compositions provided herein include, but am not nnuted 

disease, proliferation induced after medical procedures, including, bn, no, limited to, surgery, 
■mgiopUsty, and me Bke. It is appmciared ma. in some eases tire eeUs ma, no. be m a hyper- ot 
deration s*.e (abnorma. ~> and snU require tieatinen. For etmmpK dunn, , «- ^hng, 
•hid ma, be proiiferating "nonnaliy, bu. proration enhaneemen. may be desned Snmhul ^ 

Ludes apphcatic u> ceUs or individuals affUcUtd or impending affbction wt.h any one of mese 



25 



30 



35 



*"* ".compenuda.con^aitionaandn.^prov^hemmarepa^cular.ydeem^ 

testicular ctncinomas, etc. More particularly, cancers «ha, ma, be tinaKd by me compounds, 
compositions andm«hods of ,he invention ta c.ude,bu,amno.lhm,edm:» samoma 

(angioma, ftbrosamon*^^^ 
B p„L,nd_Lung:b™choge m cc^^ 

^differentiated large cell, adenocarcinoma), alveolar (bronehioUr) caminoma, bronchral adenoma, 

c.U carcinoma, adenocarcinoma, Womyosarcoma, lymphoma), stomach (earcmoma. 
Myosarcoma), pancreas (ductal adeuocaminoma, insnbnoma, ^cagonoma, gastirn„n™otd 
mJ, vipoma). smaU bowe! (adenocarcinoma, lymphoma, carcinoid mmom, Karpos. s sar^mn, 
(eiomyoma. hemangioma, lipnma, uenrofbroma, ffcroma), .arge bowel (adenocammoma, hrbnlar 
JZ, v^lous alotna, hamartoma, .eiomyoma); tWutettd; (adenocarcnoma. 
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WiWs tnmor [neptaobtosK-ma], >y«P'»>ma, leukemia), bladder - — T""* 

! JZl oareuroma, rinM F— (adenocarcinoma, — ), tea* Csem-noma, 

ZTXtTltao™, —noma, **— — —7 

chmrdrc^yxofibroma, osteoid osteoma and giant ceU tomorst Ifeaauualaff ** (osteoma, 
, granuloma, santboma, osteins deformans), n^ninges (meningioma, — 

TT1) bmin (asnccytoma. mednlloblastoma, glioma, ependymoma, gettmnoma [pnrealoma]. 

Ltd nenroflbroma, meningioma, glioma, sarcoma); ON*** — «— »- ™* 
5 ^TdLlLinoma.mo™ 

25 conditions. ^ ^benseMasantamgal^b, 
bating «. activity of.be fnngal member of ^bitnCltmesmanbgroup.aa is deacnbed to U.S. 
PaK n, No. ^ s of ^ ^ my „ ^ to mammals, preferabiy bnmans, 

d^rts mapbLnacendcalemnpositton.^g.osut.dardpbamnacenuealpmcUce. Ih. 
"s I be administ^d omil, or patency, incioding me in_ _*r, 
iniratjeritoneal subcutaneous, rectal and topical routes of adininistration. 

m trapentoneal, « ^ ^ ^^^co^^^s 
indirectly, from combination of the specific ingredients in the specified amounts. 
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The pharmaceutical composite* containing the active ingredient may be in a form 
stable for onu use, for example, as tablets, uoches, lozenges, aqueous or oil, suspensions, dispersrble 
powders or granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions tntended for 
0 „d„setna,l*preparedaccordtagtoanymemcn^^ 

pharmaceutical compositions and such compositions ma, contain one or more agenrs selected from tire 
Lnp consisting of aweetening agents, flavoring agents, coloring agenrs and pres«vmg agents m order to 

of tables. These exciptents may be for example, inert diluents, such as calcium carbonate, sodrum 

— macrocrystalline ceUulose, sodium crosscarmeUoae, com starch, or algmtc ac* btndmg agents, 
for example starch, gelatin, polyvinylpyrrolidone or acacia and lubricating agents, for 

techniques to mask tite unpleasant taste of me dmg or delay disintegration and absorption m dm 
^troLstinaltractand .hereby provide a snsumed action over a longer period. For exasnple, a water 
Luble taste masking materia! such as hydroxypropyl-merhylceUulose or hydroxypropylcellulose, or a 
time delay material such as ethyl cellulose, cellulose acetate butyrate may be employed. 

Formulations for oral nse ma, also be presented as hard gelatin capsules whemtn the 
active ingredient is mixed with an inert solid dilnem, for example, calcium carbonate, calcium phosphate 

such as polyethyleneglvcol or tm ofl medium, for example peanut oil, liquid paraflm, or ohve od 

Aqneous suspensions contain the active material in admixture with exctptents stable 
for tite manufacture of aqueous suspensions. Such excipients am suspending agents, for example sodrum 
carbox^nemylcellulose, memylceflulose, hydroxynropymremytaUuloae, sodium alginate polvvmyl- 
pyrrolidone, gum ttagacanth and gum acacia; dispersing or wetting agents ma, be a na^l,~c«rnng 
pITspbatide, for example lecithin, or condensation products of an alk,lene oxide with 

aZls for«xan,.eheptedecae*»^ 

partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbtto. monooleate, or 
ccdensation prodncts of ethylene oxide with partial esters derived ftom fatty acids and hexrtol 
anhydrides, for example polyethylene sorbite, monooleate. The aqueous suspend ma, also contam 
one or more preservatives, for example ethyl, or n-propyl p-hydroxybenzoate, one o, mom colonng 
agents, one or mom flavoring agents, and one or mom sweetening ag^ts, such as sucrose, saccharm or 

aSfMmS ' Oily suspensions may be formulated by suspending the active ingredient in a vegetable 
OH, for example arechis oil, ohve oil. sesame oil or coconnt oil. or in mineral oil such as liquid paraffin. 
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♦ ■ o riri-VmiM asent for example beeswax, hard paraffin or cetyl 
The oily suspensions may contain a thickening agent, rore* v nmvide 
Tcohol Sweetening agents such as those set forth above, and flavoring agents may be added to provide 
alcohol. Sweetening agenis nreserve d b me additi on of an anti-oxidant 

a palatable oral preparation. These compositions may be preserved by tne 
such as butylated hydroxyanisol or alpha-tocopherol. 

DiUsibte Powder, and granules suitable for preparation of • aqueous suspense by 
addition of war* provide the active ingredient in admixture wifi. a dispersing or wetting .gen, 

Z™mplified by Urose afiead, mentioned above. Additional excipients, for example 

hv the addition of an anti-oxidant such as ascorbic acid. 

oU.fce^.em.uidparaffiuoruuxruresefd.ese. "**-^~r£Z%L ■ 
occ^ring phosphatides, for example soy bean lecithin, and eaters or parua! esters denved from fa.^ 

may also contain sweetening, flavoring agents, preservatives and andoxrdants. 

. Syrups and elbdrs may be famulated with tuning agents, for example glycerol, 

flavoring and coloring agents and antioxidant. 

T.epbaLaeendcaleomposidrmamaybeinmefomofas.erilemjeerableaqneons 

J^i..^-*'**''--*—*'""' be employed arewafcr.Rmg^ 
solndtmandisotomcsodiumemoridesolntion. 

The sterile injeetable preparation may also be a sterile mjectable od-m-water 
^emu.sio.wberemeacriveingredien.isdisso.vedinmeoUypbase. 
ingredientmay be first dissolved in a mixture of soybean oti and .ecithm. The or, solution then 
introduced into a water and glyc.ro! mixmre and processed to form a 

The injectable solutions or microemulsions may be introduced mto a patient s blood 

stte amby ,oca> bo.ua injection. Alternative*, « may be advantageous to 
rfcToemnlsionmsnchawayastom.m^.const^cimnhd^ 

ZZf lorde, » — -* » — concentration, a continuous intravenoos debver, devtc 
^^.^ex^.eofs^hadevlc.ismeDe.^CAD^U^m^^mfia™ 

^ The pharmaceutical compositions may be in me form of a sterile injectable aqueous or 

oogenous suspension for intiamuscular and subcntaneous administiation. This suspension may be 
ni^d^g.ome.mownarinaingUmsesniUbiediapemmg or westing agen* and S uspendmg 



) 

pump 

5 
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agents which have been mentioned above. The sterile injectable preparation may also be a sterile 
injectable solution or suspension in a non-toxic parenteral* acceptable diluent or solvent, for example as 
a solution in 1,3-butane diol. In addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium For this purpose any bland fixed oil may be employed including synthetic mono- or 
diglycerides. In addition, fatty acids such as oleic acid find use in the preparation of injectable. 

Compounds of Formula I may also be administered in the form of suppositories for rectal 
administration of the drug. These compositions can be prepared by mixmg me drug wim a suitable non- 
irritating excipient which is solid at ordinary temperatures but liquid at the rectal temperature and will 
therefore melt in the rectum to release the drug. Such materials include cocoa butter, glycennated 
) gelatin, hydrogenated vegetable oils, mixtures of polyethylene glycols of various molecular weights and 

fatty acid esters of polyethylene glycol. . ■ nnt u„ 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the 
compound of Formula I are employed. (For purposes of this application, topical application shall include 

mouth washes and gargles.) 
5 The compounds for the present invention can be administered in intranasal form via 

topicaluseof suitable mtranasal veMcles and delivery devices, or via transdernml ^ 
. foLoftransdermalsMnpatchesweUlmowntomoseofordmarysldllm To be administered in 

. the form of a transdermal delivery system, the dosage aoministration will, of course, be continuous rather 
than intermittent throughout the dosage regimen. Compounds of the present invention may also be 
>0 delivered as a suppository employing bases such as cocoa butter, glycerinated gelatin, hydrogenated 
' vegetable oils, mixtures of polyethylene glycols of various molecular weights and fatty acid esters of 

polyethylene glycol^ ^ according to this invention is administered into a human subject, the 

daily dosage will normally be determined by the prescribing physician with the dosage generally prying 
25 according to the age, weight, sex and response of the individual patient, as well as the severity of the 
patient's symptoms. 

In one exemplary application, a suitable amount of compound is administered to a 
mammal undergoing treatment for cancer. Adnrinistration occurs in an amount between ** ou * ®* 1 m S/kS 
of body weight to about 60 mg/kg of body weight per day, preferably of between 0.5 mg/kg of body 

30 weight to about 40 mg/kg of body weight per day. 

The ms tant compounds are also useful in combination with known therapeutic agents 
and anti-cancer agents. For example, instant compounds are useful in combination with known anti- 
cancer agents. Combinations of the presently disclosed compounds with other anti-cancer or 
chemotherapeutic agents are within the scope of the invention. Examples of such agentscan be found m 

35 Cancer Principles and Practice of tocology by V.T. Devita and S. Hellman (editors), 6 edition 

(February 15, 2001), Lippmcott WUUarns & Wilkins PubUshers. A person of ordinary skill m the art 
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^dbeabte.odiscemwuchcombtoaaonsofagentswouldb^efulbasedontb.parucular 
characteristics of -he drugs and 1. cancer involved. Such anti-cancer agents include, bu. are uo, brntted 
,0, the following, esttogen receptor modular, androgen receptor modulators, retinotd receptor 
modulators, cybatoric/cytostatic agents, antiproliferative agents, prenvl-protein uWeraae tnhrbttors, 
5 HMG-CoA reductase inhibitors and other angiogenesia inhibitors, inhibit of cell probation and 
" ^i&wm**^^*^**^^^^*'*^ The 
instant compounds are particubnly osefnl when cc-administered with radiation therapy. 

In an embodiment, the instant compounds are also useful in combination wtth known 
anticancer agents including the Mowing: estrogen receptor modulators, androgen receptor modulatim, 
10 retinoidrecep.orn**>ula«ors,cy^^^^ 

inhibitors, HMG-CoA reductive inhibitors, HIV prraease inhibitors, reverse tianscrtptitse mhtbttors, and 

other angiogenesis inhibitors. . . . u -u-* 

^trogen receptor modulators" refers to compounds that interfere with or inhabit the 

onidingofestrogentothe^^^^ 
15 mcludeUtarenotl^ 

" fulvestrant,4-[7-(2,^^^^ 

benzopyran-3-yl]-phenyl-2,2^imethylpropanoate, 4,4^ydroxybenzophenone-2,4-dinitrophenyl- 

hydrazone, and SH646. . un . trtia 

"Androgen receptor modulators" refers to compounds which interfere or inhibit the 
20 bmdmgofandrogenstomereceptor,re g ardlessofmechani S m. Examples of androgen 

hkxmLs include finasteride and other 5a-reductase inhibitors, nilutamide, flutamide, bicalutamide, 

Uarozole, and abiraterone acetate. 

"Retinoid receptor modulators" refers to compounds which interfere or inhibit the 
binding of retinoids to thereceptor.regardless of mechanism Examples of such retinoid receptor 
. 25 modulators include bexarotene, tretinoin, 13-cis-retinoic acid, 9<is-retinoic acid, a- 

di flu orome^ 

retmamide. ^^^^ ^ fc compounds wbich cause cell death or inhibit cell 

pronfemfion primary 
30 mytosis, including alkylating agents, tumor necrosis factors, intercalates, hypoxia abatable 

compounds, microtubule inmbitors/nnc^^ 

inhibitors of kinases involved in mitotic progression, antimetabolites; biological response modifiers; 
honnonal/anu-hormonal therapeutic agents, haematopoietic growth factors, monoclonal anUbody 
targeted therapeutic agents, topoisomerase inhibitors, proteasome inhibitors and ubiquitm hgase 
35 inhibitors. 
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dimethoxyphenyl]-5,5a,6,8,8a,y nexonyui ^hrirlmium. 6 9-bis[(2- 

crto^de, W Kdi m «.yl^°^ 1 l^* 3 * y ^ X, -™" mde °° t ' " 



35 dimesna. 
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Examples of inhibitors of ^t^***^*^^^ 
KSP are described JpCTPubl^ 

^WO 03/050 122 (June 19, 2003), WO 03/049,527 (June 19, 2003), WO 03/049,679^ 9, 

liters of aurorakinase, inhibitors of Polo-li^^^^particularn^bUorsofPUC-l), 

inhibitors ofbub-1 and inhibitors of bub-Rl. , DNA oligonucleotides such as 

"Antiproliferative agents" includes antisense RNA and DNA ougon 
G3139 ODN698 RVASKRAS, GEM231, and INX3001, and antimetabolites such as enocUabme, 

i , ,w„, o'J e0 xv-2'-meuiyUdenecytidine,2'-fluoroniethylene-2- 
nolatrexed,pemetrexed,nelzarabme,2-deoxy z meuiyuu 3 rjJ - 

^mvArOR®- see U S Patent Nos. 4,231,938, 4,294,926 and 4,319,039), 
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fluvastatin (LESCOL®; see U.S. Patent Nos. 5,354,772, 4,911,165, 4,929,437, 5,189,164, 5,118,853, 
5,290,946 and 5,356,896) and atorvastatin (L1P1TOR®; see U.S. Patent Nos. 5,273,995, 4,681,893, 
5 489 691 and 5,342,952). The structural formulas of these and additional HMG-CoA reductase 
inhibitors that may be used in the instant methods are described at page 87 of M. Yalpani, "Cholesterol 
5 Lowering Drugs", Chemistry <* Industry, pp. 85-89 (5 February 1996) and US Patent Nos. 4,782,084 and 
4 885 314. The termHMG-CoA reductase inhibitor as used herein includes all pharmaceutical^ 
acceptable lactone and open-acid forms (i.e., where the lactone ring is opened to form the free acid) as 
well as salt and ester forms of compounds which have HMG-CoA reductase inhibitory activity, and 
therefor the use of such salts, esters, open-acid and lactone forms is included within the scope of this 
10 invention. An illustration of the lactone portion and its corresponding open-acid form is shown below as 
structures I and EL 

Lactone Open-Acid 
I n 

In HMG-CoA reductase inhibitors where an open-acid form can exist, salt and ester 
forms may be formed from the open-acid, and all such forms are included within the meaning of the term 

15 «HMG-CoA reductase inhibitor" as used herein. In an embodiment, the HMG-CoA reductase inhibitor 
is selected from lovastatin and simvastatin, and in a further embodiment, simvastatin. Herein, the term 
"pharmaceutically acceptable salts" with respect to the HMG-CoA reductase inhibitor shall mean non- 
toxic salts of the compounds employed in this invention which are generally prepared by reacting the 
free acid with a suitable organic or inorganic base, particularly those formed from cations such as 

20 sodium, potassium, aluminum, calcium, lithium, magnesium, zinc and tetramethylammonium, as well as 
those salts formed from amines such as ammonia, emylenemamine, N-memylglucamine, lysine, arginine, 
ornithine choline, N,N'-mbenzylemylenediamine, chloroprocaine, memanolamine, procaine, N- 
tenzylphenemylamine, l-p^Morobenzyl-2-pyrroUdme-r-yl-methylber^i^ diethylamine, 
piperazine, and tris(hydroxymethyl) aminomethane. Further examples of salt forms of HMG-CoA 

25 reductase inhibitors may include, but are not limited to, acetate, benzenesulfonate, benzoate, bicarbonate, 
bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate, citrate, 
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate, glutamate, 
glycoUylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, hydroxynapthoate, 
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iodide isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate, mesylate, methylsulfate, 
mucate, napsylate, nitrate, oleate, oxalate, pamaote, palmitate, pantothenate, phosphate/diphosphate, 
polygalacturonate, salicylate, stearate, subacetate, succinate, tannate, tartrate, teoclate, tosylate, 
triethiodide, and valerate. 

5 Ester derivatives of the described HMG-CoA reductase inhibitor compounds may act as 

prodrugs which, when absorbed into the bloodstream of a warm-blooded animal, may cleave in such a 
manner as to release the drug form and permit the drug to afford improved therapeutic efficacy. 

"Prenyl-protein transferase inhibitor" refers to a compound which inhibits any one or 
any combination of the prenyl-protein transferase enzymes, including farnesyl-protein transferase 
10 (FPTase), geranylgeranyl-protein transferase type I (GGPTase-I), and geranylgeranyl-protein transferase 
type-H (GGPTase-II, also called Rab GGPTase). Examples of prenyl-protein transferase inhibiting 
compounds include ( ± )-6-[ammo(4-cMor^^^^^ 
cMorophenyl)-l-memyl-2(i^^^ 
y l)memylW3-chloiophen* 
15 imidazol-5-yl) m ethyl]-4-(3-chlorophenyl)-l-methyl-2(lfl)-quinolinone, 5(S)-n-butyl-l-(2,3- 

dimemylphenylM-ll-C^cyanobenzyO-S-imidazolylme^ (S)-l-(3-chlorophenyl) -4- 

[l^-cyanobenzyD-S-rnndazolylmemyll-S-PKethanesulfonyl) methyD-2-piperazinone, 5(S)-n-Butyl-l- • 
(2-memylphenyl)-4-[H4-^^^ l-(3-chlorophenyl) -4-[l- 

(4-cyanobenzyl)-2-memyl-5-imidazolylmemyl]-2-pipe^ 

20 cyanobenzyl)-lH-iinidazo^ 

2-ylmemyl)-piperidme-l-ylmemyl]-2-memylim^^ benzonitrile, 4-{5-[4-hydroxymethyl- 
4-(3-cmorobenzyl)-piperidme-l-ylmemyl]-2-memylm^ 4-{3-[4-(2-oxo- 
2H-pyridm-l-yl)benzyl]-3H-imidazol-4-ylmemyl}benzonitrite 

[l,2'lbipyridm-5'-ylmemyl]-3H-imidazol-4-ylmemyl}benzo 4-{3-[4-(2-oxo-2H-[l,2'] bipyridin- 

25 5'-ylmemyl]-3H-inudazol^^ 

ymiemyl)-3H-imidazol^ylmemyl}benzomtrUe, 18,19^^ 

lH-imidazo[4,3-c][l,ll,4]diox^^ 
emano-12,14-emen(>-6,10^^ 
carbomtrfle, 19,20^ydro-^ 
30 h][l 8 11 14]oxatriazacycloeicosine-9-carbonitrile, and (±)-19,20-dihydro-3-methyl-19-oxo-5H-18,21- 
ethano-12,14^theno^,10-metheno-22H-benzo [d]imidazo[4,3-fc)[l,6,9,12]oxa-triazacyclooctadecine-9- 

carbonitrile. 

Other examples of prenyl-protein transferase inhibitors can be found in the following 
publications and patents: WO 96/30343, WO 97/18813, WO 97/21701, WO 97/23478, WO 97/38665, 
35 WO 98/28980, WO 98/29119, WO 95/32987, U.S. Patent No. 5,420,245, U.S. Patent No. 5,523,430, U.S. 
Patent No. 5,532,359, U.S. Patent No. 5,510,510, U.S. Patent No. 5,589,485, U.S. Patent No. 5,602,098, 
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. r. vi a 675 112 European Patent Publ. 0 604 181, 

95/12572, WO 95/10514, U.S. Paten. No. 5.66U52, , WO ^ 
95/34535, WO 95/25086, WO 96/05529, WO ^^^^T^ wo^6/05168, WO 96705169, WO 

C^.V0l.35.N0.9,Pp.l3m^0999^^^^ wtof ^ onrflKwHood 

"Angiogenesismlubitots refers to comp wmMlM „i ft 
*- *— E^es »J - * 

^ine «*»s, sue. a, derived ^ 

Bto aspirin and ibuprofeo as well as ^ w "f^ » ^ Qptolrnol, Vol. 108.P.573 

« Arrar. Pec., Vol. 238 p. « « ™ , p,^!.. Vol. 75, p. 105 (1997); 

,76C1995)il.Mo^^ ^r,705 a998, ;M .,Mo 1 .Mea.,V„1.2,715 
Cancer Re,, Vol. 57, p. MM U997>, « ^jA^wb. (s»oh as cort.eoslero.ds, 

(199 8); J. Biol. Chen.., Vol. 274, p. 9116 (1999)), ater tcfcnnahasone), 

-W* -- * " T^oZirr H anragonists (see Fernandez « *. I. Lab. CUn. Med. 
of such agenrs to. modular *• weight md 
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"Agents that interfere with ceU eyele checkpomts refer to compo 

(Cyclacel)andBMS-387032. „ at hwav" refer to pharmaceutical 

"Inhibitors of cell proliferation and survival signaling pathway relert P 

hthJhiuxsrfEM^^e^e.es^Xn^h;^^ ^Gnclndingbn. 
h^-ofMBr.h^btoofPBK^e^^^^ WO 02*83 140 and 

WO 02W83138), inhibit of Raf kinase (for e^mple BAY "*™^ Suc „ inctate 
0-1040 end FD-098059) end inhibitors of mTOR (for example Wyeth CO 779). So 
„.n ~tak inhibitor compounds and antibody antagonists. 

""Too— .iti.HS^sared^fed^enseofNSAID.swHch.arepo.n. 
, co^inMbitinTagents. For pnrposesof this specification an NSAfB iapc<en. if ., posseaaes an IC 

Th " ^S^r^tiltoraofCOX-^ 
inters. For pnrpoaea of ttna ^^^^ 2 „ ver cox ., of at least 100 fold as 

^^^^T^^SSSTL,',*-, 18. 1997.fl.S. 

5,698.584, issued December 16, 1997, U.S. Patent , ^ M 

pnhHshed lol, 21, .994, U.S. Paten, 5,344.991, * ™^ ^ „ 20, 
2*1992,0.3.^3380.™^,.^ 

„., Pafcn. 5.466 823, issoe. K by reference . 

35 -"^srs^r^ir— - 
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3-phenyl4-(4-{methylsulfonyl)phenyl)-2-(5fl)-furaiione;and 

,S0 2 CH 3 




5^Woro-3<4-methylsulfonyl)phenyl-2<2-methyl-5-pyridinyl)pyridine; 

,S0 2 CH 3 




N CH 3 



or a pharmaceutically acceptable salt thereof. 

General and specific synthetic procedures for the preparation of the COX-2 inhibitor 
compounds described above are found in U.S. Patent No. 5,474,995, issued December 12, 1995, U.S. 
Patent No. 5,861,419, issued January 19, 1999, and U.S. Patent No. 6,001,843, issued December 14, 
1999, all of which are herein incorporated by reference. 

Compounds that have been described as specific inhibitors of COX-2 and are therefore 
useful in the present invention include, but are not limited to, the following: 




H 3 C 



H 2N> 

o 



H 




or a pharmaceutically acceptable salt thereof. 
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Capounds which ate described as specific inhibit of COX-2 and « metefote useful 

pubHsL 'u,, 21, 1994, U.S. Pa.eu.No. 5,344,991, issued June 6, 1994 ™ «~ * 

issued February 20, 1995, U.S. Patent No. 5,466,823, issued November 14, ' 

5 633 272, issued May 27, 1997, and U.S. Paten. No. 5,932^98, issued August 3 1999. 

Compounds which ate specific inhibi.ors of COX-2 aud are teefore useful . the 

IppUcations aud pubtications, which are heteh, inco^orated hy reference U.S. Pateu. No. 5^4,995, 
LdBeeeu.be, 12, .995.U.S. Paten.No. 5,861,4X9, issued fauuar, » ^ 
a.OOimis.edDecen^H. 1999.U.S.P*emNo. 

N< ,5.409^44.ias«edApd 1 25. 1 995,U.S.P»te».N a '^^^^^^ 
5,536,752, issued Ju>y 16, 1996, U.S. Patent No. 5,550,142, issued August 27, 

Patent No 5 710,140, issued January 20,1998. 

runpimase, M862, 5-^^12-^^-^-^^^^^^- 
6-yl(cUoroacetyl)carbamate.ac^^ . 

RPM610 NX31838, sulfated mannopeuteose phosphate, 7,7-(earbonyl-lu S [unmo.N-tee%M.2 
^Zllmh*^^ 

Tf2 4^imethylpyirol-5-yl)methylene]-2-indolinone (SU5416). 

^ S T Jabov^ •.rntegriubloe.tera-tefe^ .compounds which selective* antegonrze. 

' selectively antegonixe, mhibi. or counterac. binding of a physiological Bg^d .0 me » 

anycllnationofa v p3,«vP5. a vP6,a»P8,«.Pl.«2Pl,a5Pl.o6Pianda6P4mtegnn S 

Some specific examples of tyrosine kinase inhibitors btelude WO ifluo rc memylphenyl> 
5-memylisoxazol^boxamide, 3-K2,4^m,lpytrol-5-,l)n«myUdenyl)mdolu,-2^ 11. 
(alls ,anuno)-17^memoxygeldanam,cin, 4-(3 < moro4-fluo K pbeny 1 an^o>7-metey-6-lM4- 
35 nZhoJ)Ptopoxy.,^lme,N-(3.myny^ 
BIBX1382, M ,9,10,lU2*exauydro^^ 
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CEP2563, «M*»*^ >S ^. - L 4. ( 4-.hyaxoxyph eI .yl)amu>o«,7- 
to n^~^ 

5 andBMDWlW- anti-cancer compounds are also encompassed 

10 V and 5. The expression of PPAR-K on eno 31:90 9-913; J. Bid. Chem. 

^f/^ 1:2W -23.7). Morerecenuy.PPAM 

15 2001;119:709-717). ° f ^ Y p ' , w ^ TO ^g!it»zone,andpiognUzono). 

U».On-nd i nedion M ( S nchasDm«^)U.^ ^ ^ MCC-555, GW233.. 

GI2 6«70,PNU182716, DR P 5 52926,2- 
OW409544.NN2344, BW.««"» ^^^propionic acid (disciosed inUSSN 

caAoxylic acid (disclosed m USSN 60/235. ^ fly ia ^ Mi 

Ano^emi^^-"^ ^.^^^ 

25 Me dicinc,5a>Ed,pp876-889, BCDecker no , ^u,, p53,wh>ch can be 

^-/^^S- oninMice,^™^ 
Angiogenesis-DcpcndentTumorGro»tn 0000-164:217-222). 

Tte c^ound S o f *en.s t an^« ^^^^^^ 

e^onofttansporterprotems- VX853 and PSC833 (valspodar). 

S »cha 8 LY335979, X K9576,OC144^3.R101^™5 ^^^^^c 

agents to treat nausea or emesis, inciu s 



35 agents to treat nausea or emesis, inciuou* — 
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j of the OTesent invention, alone or with radiation therapy. For the 
result from the use of a compound of the present in ffl conjunction wi th 

prevention or treatment of emesis, a compound of the presen mvenU ^ ^ 

otheranti^ticag^^^ 

as ondansetron, graniseuon, tropisetron, and za« 

coracoste^ 

others such as disclosed in U.S.Patent Nos. 2,789,1 18, 2,990,40 le 
3,996,359,3,928,326and3,749,712,anantidopan^ 

prochiorper^nuphen^e,— 

treatment or prevention of emesrs that ^^7™*^^^ 
conjunctive therapy with an anti-emesis agent selected from a neurolamn 

receptor antagonist and a corticosteroid is preferred. compoun ds of the 

NeuroMnm-lrecep^^ 
presentinventionarefullydescrihed^orexampK 

PuhUcationNos-EPOS^ 390,0 394 989,0428434 0 429 366 05 ^ 0515flBli 

O5175 W .0520555.O522808.O528«5.O5 3 24%0^^^ 
577 394,0585913,0590 152,0 599 538,0610793,0634^ 

0699 655,0699 674,0 70700^ 

, 0776 893, 

92W168S, 92/06079, 92/12151. DISSS'. ,3,09116,93/10073, 

"CSC"**'- 3 ' 

94/01402, 94AB461,9«)2595, 94/03429, 94/03445, 94, 

94,15903. 94/19320. 94,19323, 94,20500, 94^3 • «*» ^ 

95/17382, 95/18124, 95/18129, 95/19344, 95,2 

95/28418, 95/30674, 95/30687, 95/33744, 96/0518 , 96W5193, 9 

96B1214 96TC2385, 96/37489, 97/01553, 97/01554, 97/03066, 97/08144, • 
~19084,97,^^^ 

35 incorporated herein by reference. 
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In an embodiment, the neurokinin-1 receptor antagonist for use in conjunction with the 
compounds of the present invention is selected from: 2-(R)-(l-(R)-(3,5- 

b^trifluoromemy^ . jt q 

triazolo)methyl)morpholine, or a pharmaceutical^ acceptable salt thereof, which is descnbed m U.S. 

Patent No. 5,719,147. . ... 

A compound of the instant invention may also be administered with an agent useful m 
the treatment of anemia. Such an anemia treatment agent is, for example, a continuous eythropoiesis 

receptor activator (such as epoetin alfa). 

A compound of the instant invention may also be administered with an agent useful m 
the treatment of neutropenia. Such a neutropenia treatment agent is, for example, a hematopoietic 
growth factor which regulates the production and function of neutrophils such as a human granulocyte 
colony stimulating factor, (G-CSF). Examples of a G-CSF include filgrastim. 

A compound of the instant invention may also be administered with an immunologic- 
enhancing drug, such as levamisole, isoprinosine and Zadaxin. 

Thus thescopeoftheinstantinventionencompassestheuseofthe instantly claimed 

compounds in combination with a second compound selected from: 1) an estrogen receptor modulator, 
2) an androgen receptor modulator, 3) retinoid receptor modulator, 4) a cytotoxic/cytostatic agent, 5) an 
antiprolif erative agent, 6) a prenyl-protein ta ^i^T>mmi^^*^^ 
anffiV protease inhibitor, 9) a reverse transcriptase inhibitor, 10) an angiogenesis inhibitor, ll)aPPAR- 
v agonists, 12) a PPAR-5 agonists, 13) an inhibitor of inherent multidrug resistance, 14) an anti-emetic 
agenUS) an agent useful in the treatment of anemia, 16) an agent usefmm me treatment of neutropenia, 
17) an immunologic-enhancing drug, 18) an inhibitor of cell proliferation and survival signaling, 19) an 
agent that interfers with a cell cycle checkpoint, and 20) an apoptosis inducing agent. 

The term "administration" and variants thereof (e.g., "administering" a compound) in 
reference to a compound of the invention means introducing the compound or a prodrug of the 
con^undmtomesystemofmeanimalmneedoftreatment. When a compound of the invention or 
prodrug thereof is provided in combination with one or more other active agents (e.g., a cytotoxic agent, 
etc.), "adnnnistration" and its variants are each understood to include concurrent and sequential 
introduction of the compound or prodrug thereof and other agents. 

As used herein, the term "composition" is intended to encompass a product comprising 
the specified ingredients in the specified amounts, as well as any product which results, directly or 
indirectly, from combination of the specified ingredients in the specified amounts. 

The term "therapeutically effective amount" as used herein means that amount of active 
compound or pharmaceutical agent that elicits the biological or medicinal response in a tissue, sy stem, 
; ^ or human that is being sought by a researcher, veterinarian, medical doctor or other clinician. 
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» or "treatment of cancer" refers to administration to a mammal 
The term "treating cancel or treatment, ui ^ <■> 

1 he term oca 6 a i 1ev iates the cancerous condition by 

fitaoblaa^ved growfc factor, an mutator of pltfeletden ^ &K> . 

• ii ff^tivP amount of a compound of Formula 1 m comoiuduu 
admuristering a therapeutically effective amount oi a c P 

^ » an androgen ^-^-—^ ^ „ mHM&CoA „ 

U^A^agonisK, .2) ^^^tlntof—, 16) m age.. oseful in «. ««~ of 
, ^trepenia^an — *^^ 8 cylch ^^anapoptosisindncingagent 

with paclitaxel or ttastuzumab. preventing cancer that 

,, The invention farther encompass a method of tieatmg or pr » . 

• «,.n.nenticaJlveffectiveamotintofacomponndofFonnnlaIanda 
preventing cancer that cotnpnses a therapenttodly ette 3) ^ 

30 — — »- ^^t^rl^UferaJe 

reverse transcnptase inhibitor, 10) an angiog interfers with a 

agonists; 13) an inhibitor of cell proliferation and survival signaling, 14) an 
35 cell cycle checkpoint, and 15) an apoptosis inducing agent 
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motion (whieh is a rtototie .goto) >s added to te assay my 
Wtod.esopponaodKSPis added. ^^"^^ ^ of cbeo.ca! 

The detenntoatioa of the btndtag off™ natofc .gee. _ fa 

By "toboted- hereto is mean, that the eomponnd » mttbodies , 

, prfcfes^n^e^eles.cbemUmnm.ae^ 

poteins may bo Ubolod at tyrosine posdtons osmg ^ ^ , 

onooootpoaea.mayboUbeWwtUtdiffesaalabala.osmg "Ite* P 

Jtoorcpho, for the natodc age*. ^ t<jrs „ „_ fot ^ttoaal 

*■ ° "X "dJg candidal - 1-"-" " 

30 d.ugcaadida^.-caadida^tooacvoagea. « ^ polvsacdwmde, 

^i-*.-,—*^ :^^^ca^leo f d te c tt ,o I todto« 1 ,^*= 
poiynucleotide, etc.. to be tested for tooaeuvty. The, y ^ toctadi]lg ^ 

absence of microtubules. In the case wnere P 



35 absence of microtubules. In the case where proun 
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v a th»t narticular protein, for example, polymer 
embodiments exclude molecules already known too 

Prpf erred embodiments of assays 

native state termed hereto a, •Oogenous" agents. In snotor prefer 
5 tether exclude antibodies to KSP. .. ^ classes , .hough typically they are 

Candidate agents can encompass numerous „ eiE ht of more than 100 and 

less ton about MOO dallons. Candidate agents ^ md wically include a, 

chemical groups. The candidate agents often —^"^ aboye ^tcnona! groups. 

a^tic or polyaromafic stents saccharides, fatty acids, 

Candida.eageouamalsofoundamongb.omolecul.smd u gp * ^ pMaculall , 

s^ida, purines, pyridines, derivatives, sftuctural amdogs or comb. 

oligonucleotides. Altemattvely, libmnea of MM ' ™> synthetically produced 

Ubraries and compounds are readdy modtfted through ^ig^,, 

.neans. -~ sttuchuul analogs, 

such as acyladon, allcylanon, estenficanon, ^ ^ _ , to g candidate in a 

Compedrive screening asaays may be d»» by com ^g 

25 to. sample. A second sample comprises a ^J*"*^ mb ^ gof to dmg candidate is 

dnte^edfmboms^tes,^a=h^-^^ « ^ oM n gi te M fivUy.Th«is.«to 
to presence of an agent capable of bmdmg to KSP and pote y ^ ^ 

hjutg of to dnrg candidate is diffemn. in to second sample relabve te 
30 candidate is capabie of binding te Kj». „ deKmi n e d through to 

35 moiety displacing the candidate agent. 
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^ooe of ft. M=d component is Mowed, . ^ 
was h «**. tadta*. displacement b, the agent Alternately, rf the cand, 

u / t ™ ne KSP has been identified as binding to the mitotic agent, KSP is 
ways. In one embodiment, once KSP has been i necessary components for binding. 

ofKSPcwisine^s^ofco^ac^^w^^*^ ^ 
. t ^xr Thus in this embodiment, trie canuiuai^ 

or amount of mitotic spindles, as are generally outlined above ^ ^ ^ tQ 

l0 Alternatively, differential screening may be used to identify drug 

thenativeKSP.butcannotbindtomodifiedKSP. assays. Preferably all control 

. Errss==== 
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A variety of otto agents may be tncludetl m ^ „ f optical 

5 protein-protein binding and/or reduce non-sto* » ,p ^ 
microbial agents, etc., may be usea. 

10 herein. ASSAYS 

• ^^rihed in the Examples were tested by the 

15 ^a.dcouldbe.adtlypertorntedbya.oseof^n.^ar.- 

!. QssrOIBts^^ mo(or (ksp^tH)) 

Coning nnd egression of hum.. weK doM d b, 

pUsnndsfortheexpresstonofthehnntanKbr », W U»-11». 

^primer 5'^°™f^^I ^cAATAT (SEQ1D.HO, 2) 
OATGm^TGCrOATTCACTrCA^A^^^^^^^ ^ 



stored -80°C. 



35 



ElSiSiaLPffiifieation resuspended in lysis buffer (50mM K-HEPES, pH 

Cell peUets were thawed on tee and^sP-d l^^^^^U 

8.0,250mMKa,0.1%Tween,l^ 

complete protease inhibitor cocktail (Roche)). Cell suspens 
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, • , tnnnnntes followed by nation (3x30sec). All subsequent 
^ 5mM p-mercapmethanol on tee for 10 nnnn.es. ™ J ^ Sopematanls 

^.pHe., ImMMgCl* ^^^^^Linl^^Ni-NTAresin 
5 Ka B rad^ta^A.P^ons 5 o«^^ ^ B (^buffer minus FMSF and 

CO^fcro^. ^^^^nTiBc^.™^^— buffers.***. 

forpHMaBdpoureatatoaco^KS^e^ ^^delO* maucae, 

10 fal50 m MKaand250mMitmdazol 6 ).KSP«»tammg 

and stored at -OTC „,Min isolated from bovirie brain. Poriffedt»bolto(> 

— — ~rZ?£££L of 10 pM pachtaxel, 1 tnMDTT, 1 

mM GTP in BRB80 buffer (80 mM |^ ' ^y uitraceDtrifugation and removal of the 

B ntoon.bn.es are separaKd ^<~?T£Z?£, upended in 10 pM pachtaxel, 1 mM 
supernatant Thepene t con^«*m.erorubnl«. K ^* < V 

TteHnesm motor domam .a i mMEGTA, 1 mM 

20 WT.lnMMgCh.-mSOmMKa Tta«*o AlPhydnnVsrs 
buffer composmon of 80 mM HEPES and 50 tnMBDTA. >« ^ Q 

0.14% polyvinyl alcohol; quench B contents 123 - absolba nce of the phospho- 

25 sulfuricaeid. Thereaetton is mcnbatedfor 10nunu.esa.23 C,andth 

rfybdate complex is measured at 540 nm. ^ ^ 1W m , 1M 

The compounds 3-1. >2 >3_5-4, . j _ ^ s ^ 

^ 12-3 in the Bxamples were tested m ttte above assay and 

Cells are plated in 9b-weutu» ftvem ieht The following day, 

Tmponnds are added in a 10-point, ^ tou ^ t the assay. Controls 

35 of0 .l%DMSO alone are also mclnded. Each compoun 
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• ^ina200pLvolumeofxne^a.Twentynucrolitersof 

T^alconcen^onofs^ 

Maxosa blue staining reagent is added to each 

I 59 0nanomMererrission. H h» dooms compound concentration on the x-axisand 

A cytotoxic EC„ is denved by plottmg co p ^ rf ^ ^ 

Percent cytotoxicity is defined as: 

^ viOOx (Fluorescence C ontioi) 

15 TheinOeettonpointKreportedasutecytotoxieEC,,. 

FACS analysis is used to «• a ff ° of cell , cells are seeded a. a 

density of 1.4x10* cells per 6cm tissue ^^^^^^^^^^^pQpjpQujjd for 8-16 hours- Following trwrtment, 
treated with vehicle (0.1% ^^^^^^s and pelleted by centrifngation. Cell pellets are 
eeBs are harvested by oypsnruatton at Ore m ^ 

rinsed hi PBS and fixed in 70* erhanol and ^ _ ^ 70% ^ol is 

For FACS analysis, « least 500.000 fixed ceHs ^ ^ ^ ^ ^ 

remo vedby aaphnrion. Colls axe "^^tcron Dickinson FACSCaUhe, Dalaffrom 

^P^nnslodld.CSO^^-^^^^^I.c.). 
ia000ceW i a^»^^ M ^^3^ gc< ^co^^on«*x^s 
^ECsofWrrdarica^rad^yplo * 1 ^^ (>sneM »redb, 

^.Theurfieclionpoinlisreponedas 
^ZXZ .ode^tocornponndBC^^'WT 5 - 

Here, the percentage of apopfonc colls at eacht^ J ^ ^ above . 

floor^ceuceiisplodedonthey-ax.s.andasmularan y 



20 



25 



35 
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VI. 



^^^^ 

Method* for imnrnnoflnorescence srannng of DNA . P 



Methods tor unmunoiiuores^ii^ 0 — . 0 r _ m 

lvictuuuo x jj culture studies, ceiis 

f^-^^WocWfoxnonspec^c^b^a^ 

Pa ^nn-embedded tumor section, are deparaffknzed vnth ^.^bulin 
Covance, diluted 1-2000) ovetmgnxav „ Trf* fnr tubulin- Texas red-conjugated 

imaged vritb a 100* oil immersion objective on aNrkon epillooies 
deconxrolution and imaging software. 



TOfAMPLES 



not limiting of the reasonable scope thereof. 
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SOHEME 1 
O 

0 A./N^Ph l.NaOH 

NH 2 i HCl,EtOH EtO ^[ allyl bromide, PTC 




2.PhCHO,TEA 




2.HCl,Et 2 0 



lz2 



hi 
° V OEt 



-Ph l.LAH 
NHa " ^ 2. CDI, TEA 



■7 



°Y°- 

H-N 




Ph 



// 



1) o 3 

2) NaH 2 P0 4 , NaC10 2 . 
2-m ethyl-2-butene 

3) MeOH,HCl 

4) NaH,BrCH 2 C0 2 tBu 



T 

/— N^y l.LiHMDS 

-tO> Y 0Me 2 * H+ ' A o 

1=5 



^ — ' l.NaHMDS 
PhNTf 2 



2 - Suzuki 




1. NaOH, EtOH 

Dh 2.TBSCl,Im,DCM 
rn 3.CSPHPLC 




triphosgene 



TEA 
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BeBtauggeet.al.r«r<i*eAo».l»»7.53.9233W „ mmratme reaction was careMly quenched 
^amgenOereftux. After ^T^o, water. Aquantftyo, 

Na.50. was added, and the mixture was sttredfe. ^ ^ concMtraKd to 
concentrated. Tha-iduewasdissoNednrWrnr-o,^.^ ^ ^ 

provide the annuo aicoho. as a colorless oil. Tb. . ammo ^ 4.5g (28 

ofCHAandcoo.ed.oO-C. Foftowi.g .be admUon of 5.4 mL md ^ t0 sdr for 

nnno,) of U'<-^-* *• WK "T* ^Twift. 1M HC1, water, dried 

4h. Ther^on^^dnn^h^.se^arn^^- ^ 



15 2.8 (m, 1H), 2.6 (m, 1H) ppm. 



Step 2: Diesterik5) 0 fCH,a 2 was cooled to -78°C and 

A^°'^ (334 - 6 ^ 1>0 ^ m5 l^twas t nenboo W e4 to ugh 

^ soiftde was added, and rhe soiun™ pro* a brown on. This medial 

temperature. The volafflee were removed by rota^ eyapor P 

»M. was men added dropw.se a nurture of 160g (13 ^ ^ ^ „, 4b . 

25 HeOCinSOOml.ofH.O. After ^Tvaporauon, me residue was dissolved 
After separating the layers, the orgame was «"» ^ After &on , 

the aqueous phase was extract 3 x w«h B, . ^ ^ 

tfayeftow gun, This residue ^Icnpped and aftowed to srir overnight whiie 

onto a silica gel column mCHA, and eluteu cooledt „ 0 °C, and 32.6 mL (220.5 mmol)of 

— see— - 

tert-butyl bromoacetate was added, followed by iu g ^ & 

tben.xturewasaUowedtow^^^ 

saturated NH4CI solution, and extracted twice witbEtOAc. The 



35 saturated NH4CI solution, and extracted twice w» 
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^ *nd the residue purified by silica gel 

chroma^ » i * EtOAdheXaDeS, °^" le ™ 4 55 M 1H), 3.9 (d, 1H), 3.65 (s, 3H), 3.5 (d, 1H). 
(SOOMHz.CDC.,) 8 7.4-7.3 5H). "**°^ 4 £ fcte „U~ 372.1423. Found: 
3.35 (d, 1H). 3.2 (d, 1H), 1.4 (s, 9H> ppm. HRMS <ES) calc M 
372.1412. 

To.^o f l 8 .6 g (53^^«^ ^^^^^e 
58.6 mL (58.6 mmol) °f a 1M solu.ro. ofLiHMDS » ™" ^ * ovenight 

The mudure was quenched with a sahuated NH.CUolu ^ ^ ^ ^ ^ rf ^ ^ ^ 

„„hbtine,dhed over and -° M "^-^^ vacuomandt he residue waa^^wim 

healed at 100°C for 24b. The volatiles W ^ C ^""^^ Data for 1-6: 'HNMR (500 MHz, CDCU) S 7.5 - 



20 



25 



Toasuspensionof22 g (l to THF. Affer Stinin8 for 30 nun, .he 
^ise 12,2^(12.2^1) ofalMsoluu^^of^SM ^^^^^ 

78 X sndasoludoa of 4.358(12.2 ^01) of N^^ wamtoiooi]i 

THFwaaadded. ^^^^^ ZZ*'--""* — • — 
temperature and stir overnight. The mixture q conce ntrated. The residue was 

dissoWed in 75 mL of DME and 18 mL of water. ^ kA The solution was 

^(.nphenviphosphine)^^^ ^ Bt0M .Thec™Uned or8auic 

.entpen^ne, diluted with sannuted NaHCft "f ™^^ ^ * purified b, sihoa g el 
uya « were washed wittbrine, dried over Na^-c« ^ fOT ^ ;1 ^ (5ro ^ 

chron^ph. -"X***— '"Ctif 9<d,lH),4.75 ( dlH>.4.5(d.lH),4.25<d, 
CD0,) 6 7.5-7.3(n,5H),7. 1 -6.9(n l 3ffl,^l».4^ »^ 

1K) ppm HRMS (ES) caic'd M + H for CHuftNO, 314.098 
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^ ^urerr-BuryKdnoo*^^ 

soUd. To<»Mas k *«added30rru.ofCH J Ck, 1.5g (22.3 >™j 
(d, 1H), 0.9 (s, 9H), 0.1 (s, 3H), 0.05 (s, 3H) ppm. 

~ ^^^^^^^^ 

min and the second enantiomer has R, = 6.9 nun. 

; of THF. TheicebatbwasiemovedandteieaCOBWa, ^ ^ ^ 

WO. and concerted to provido 14 as a brown ml. Data for fc* HRMS (ES) 
C^aOWChSi: 464.1619. Foond: 464.1625. 
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SCHEMEIA 



°*Y°\ l)RuCl 3 ;NaI0 4 

H_N "~7^ok " —T N n V-OMe 

7 Ph 2)MeOH,HCl "7\ 

n 3 > NaH Iri 

1-4. BrCH 2 C0 2 tBu 



o-T N T ph 
0 V 



To « biphaoc of 14.8g CM ; cM oride hydrate. 

; CHjCN, and 320 *. of warer was added -""^JT^, over lh wilh rapi d stoi ng. After the 

^oowasco^^-oonw.^^ ^^^^byffl^- Th» 
was d»o.ed«i t h500 m Lof« l <erand '- 5I - rf ^ OAC -^ ^ ptos e earac^ twice™* 

0 BOAc, *. confined organic pnaaes washeo rf HC1(g) was d „ wl y passed 

15 BOAcm^os .0 provide 13.6g (58 mnrol) o • » rf ^ ^ tom)acetaB WK 

tosoMin200ni.ofTHF.cooled.oO C, and 103 ^ i ^ ^ ^ „ 

movide Mas a colorless oU. 
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l.PhCHO \ , \ \\ 1. LAH, THF 




(MeO) 3 CH, 

it f\ xt tvt r^u ^N" X C0 2 Me 2. CDI, TEA 

2.DCM/10NNaOH, H DCM 

BU4NHSO4 

1B-2 





thenlNHCI/NaOH 
0 3 then DMS 




S ^ £i ' ^ , ♦• «nnmT^ofohenyl glycine methyl ester-HCl (100 g) was 

An aaueous solution (300 mL) 01 pnenyi gry or»n m r ^ 

The combined org*tic extra* were dned over ^"-*" d ^ ^Mehyde (34.9 mL, 
36.4 g, 344 mmol). Aflerst,rrmgfor2h,u*.e*cuonw concentrated. A portion of 

teiminereWne (26.8 g, 100 nnnol) vvas fcsoived nr dtcUorometo^ ) fa 

MsSO.rU.ered.andcon— . Tb. -'^^^NaOH (to pH 8, Tire 

„,er MgSO. fU^red and ^ „ y over MgSO< . and 

concentration provided crude lfi^. i-uniicau 

EtOAc/hexanes) provided 42 3H)> 5 . 03 (s, 1H), 4.95 (s, 1H), 3.71 

Data for 1^2: l HNMR (500 MHz, CDC1 3 ) 6 7.51 (m, 2H), w yo, 
(m, 5H), 3.41 (m, 1H), 2.80 (m, 1H) ppm- 
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step 2 - 7«.Wu m v1dihvdrD- i w- fvrmlnri .2-clM ^oxazole-3,6(5H)-dione (1-6) 

A suspension of LiAlH* (7.14 g, 188 mmol) in THF (500 mL) was cooled to 0°C and 
treated with a solution of ester 1^2 (10.2 g, 47 mmol) in THF (50 mL) over 20 min. After stirringfor 30 
5 nri natOX,mereactionwascautiouslyquenchedbymeadditionofwater(7.1mL), 15% aqNaOH(7.1 
mL) and H 2 0 (21.3 mL). Solid Na 2 SO. was added and the mixture stirred for 40 min. The mixture was 
filtered and concentrated. The residue (8.2 g, 43.3 mmol) was dissolved in dichloromethane (300 mL) 
and treated with triethylamine (9.0 mL, 6.5 g, 65.0 mmol) and carbonyldiimidazole (9.14 g, 56.4 mmol). 
After stirring for 48 h at rt, the reaction was diluted with dichloromethane and washed with IN HQ and 
10 brine The organic solution was concentrated and not further purified. A solution of the residue 12=2. 
(9 2 g, 42.8 mmol) in dichloromethane (200 mL) was cooled to -78°C and ozone was passed through die 
solution until a blue color persisted. The solution was purged and treated with dimethylsulfide (35 mL). 
After gradual warming to rt overnight, the solution was concentrated to a yellow solid. Trituration of this 
solid with Et 2 G provided pure Data for 1=6: 'HNMR (500 MHz, CDCb) 8 7.5 - 7.3 (m, 5H), 4.7 (d, 
15 1H), 4.3 (d, 1H), 4.2 (d, 1H), 3.5 (d, 1H), 3.1 (d, 1H), 2.95 (d, 1H), 2.9 (d, 1H) ppm. 
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grHPME 1C 




Et0 2 CCl 



THF 

5N NaOH 




PhCH(OMe) 2 



q ^ toluene 
II ? 1-2% PhS0 3 H 

EtO N^^C0 2 H 85°C, 350 torr, 
H 



o Ph asfts; 

EtO^N 



1C-2 



Ph 



JT T" 2) 2M NaHMDS EtQ ^ 

✓^o o °c 



PH 



jl^)^ 0 MeOH 



NaOMe 



Ph* 



1C-3 



1C-4 



BO^N^C0 2 Me MeCN 



1C-5 



Y Y^V Ph S^SeqRed^ 
+ O L N ^''C0 2 Me 

1C-6 



HO 



tX^Ph CDl 
/"-OH — 
H 

1C-7 



1 rAr VJ < ^- Ph 

W Ph bleach ry 

Si v 

(f .^o ° 1C-9 



1C-8 



Step 1: 



GMsttaSV^^^ NaOH(10.6L) 

ToaO'C mixture of (RH^-jhenylglyome (1C-1, 4kg) m cu 

... .he internal temperature maintained below lu <- "P 
was added ethyl cbloroformate over 1 h wtth Ore for ^ 

— •--rSJa.'S?- r* ZL^e^remperarnrenrain^ed^ 
reaedonv,a S < 1 nencnedwin,37*Ha(nn^pH-^> cuL ^ orgarde !a,er 

M Tolnerre (20U was added and after of 1C2 was used directly in the ne* 

wa8 aasa»edfor^and S o.ven. S wi K hed t o.ouene. ! H NMR (CDOj. 400 

^cdoo. ^ 3 fc m 7 . 45 . 7 ., 2 Cm. 
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r ^ntj aw> « r vtmR f CDCU, 100 MHz): 5=175. 1, 173.6, 
2H ),1.24(t,/ = 6.9Hz,3H),1.06(t,7 = 7.0H Z ,3H) 

157.3, 155.8, 137.4, 136.1, 129.0, 128.7, 128.6, 128.2, 127.2, 127.1, 62.1, 
MS m/z 224 QM + H] + , CnH 14 N0 4 , calc'd 224.09). 



ne-3-carl 

Step 2: 



solotion waa cooled to fl and dduted with TOT (36L), ™U « ^ „ 

.0 cashed with 10% NaHSO, (ML), Mowed by sat d. NaHCO, (9L >■ ™ 

^-«»W^ — ^^^^'tT^S-. Whenthe 

reached 40 °C, heptane (2.5 mL/g) « add* The Ion, w ^ 

15 anitrogen stream, ethyl (2S,4K)-5^xo 2,4-<tipn y m 

0 84 (t 7 = 7.1 Hz, 3H); 13 C NMR (CDCI3, 100 MHz): 5=130.2, 129.1, 129.0, 
60.3, 13.8; MS m/z 312 ([M + H] + , C 18 H 18 N0 4 , calc'd 312.12). 

, ., „ ... in top m,-, 0V e, 1 h, with the temperature maintained <5 
— <* scdiumhisC^yl^annde or THF W over ^ ^ ^ 

•C Af.erSmin.theteactionwasasaayedforoomp.ehon. Th reacUon ^ , ^ 

J u *o«„ nni ^ The Aa layer was cut and the organic iayci wa 
(22.5L) and diluted with heptane (20L) ^ removed topically until a KF 

25 sat'd brine (12L). The solvent was switched to MeOH and water was 

25 sat a. Diane 11 , next reactlon . e thyl Q26,4^ 

<900ppm was achieved. The solution of lC4j«r use ddu y Wjflft . 7J2 (m , 2H), 

„ rtTi-'r-T- ^rr.-.. 

thvi ,™ 2 r(ethoxycaibonyDammo l3^ 

To an 23 C solution or was assayed for 

<^~^^*3^^<^-«ld^<W- The 
completion. The reaction was quenched into D » iwio 



35 
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10 



aa laver was cooled to -1U U itac i3?x^ Wfl0 

diastereomers: 8=7.55-7.47 (m, 5H), 7.34 i.^ ^ > , _ 14 3 5.5 Hz, 1H), 2.22 (dd J 

, Ml« i 4 1 9.14. 1 .U.0;MS^294< [ M + Hr.C B H^O,c a lc-d294. 1 3). 

,5 Wttm d^dfo.2h. TtoreKO ° nW "' ^ ^ aqueous phases separated, mixed 

organic solution was switched to n-BuOAc by aze p ^ 
iWO After 200mL of n-BuOAc was added, THF, toluene and methoxy ethanol were 



30 



35 



TothenBu 30mL of 2N HQ solution was added to the reaction 

1.25moleq.) portionwise and aging for Ih at rt 30mL of n . B uOAc after 

nature and aging for Ih. T*e aqueous phase was separated ™ d *^™ &t ^ on ^ co 

KB) and the mixture aged overnight. 1 be caroon wa 
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roau 7 i^ d 64-4 59 (m,0.4H), 4.57-4.51 (m, 

J=13.6 Hz, 0.4H), 2.50 (dd, 7=13.7, 5.1 Hz, 1H), 2.40 (brd, J=13.7 Hz, 1H), 
5 0.4H). 



10 



15 



20 



25 



30 



§te ^ : gaSHa^ £TTyimnvor HX- " "T 6 38mmol) in n-BuOAc was 

t/-. o » nortion of above solution 1.4Ug assay, o-^ 0 """ ' 

IC-8(crude,aporUonot dded to ^ crude crystals. The solvent 

concentratedunderreducedpressureandMinLofMeCNwas 19 . 2mmo l, 
/-v a iv/WN - 8 • 92 in GC. To this solution was added AcOH (l.iumu 

ratio was n-BuOAc : MeCN -s-« m ^ M Q nri f9 5mL 19.2mmol, 

4.97mmol, 99:4area%, 97.0 w/w%, 0.5area% of chlorinated product). 

srrmME ID 

charged the S-TBS pyrrohne sohd i£ (180 gms) ana ir/vv, 

« to the product ts >99A% M J ^ Uyer washed 

carbamyl chloride. 



-81- 



WO 2005/019206 



PCT/US2004/026012 



5 Step 1 



10 



15 



^ viscous* with — **• * ;» stoi ng f or , h, 478.9g a.28 

t hesotationteachedtoomte m pera>»«.2Lofwa t a ^ combined organic layers were 

J aporafi „„. The residue was 

nmle^^flnorophenylboromcactd. ^ „ 9 „. c for a,. 

coied to room temperature, and dumped m«o 6 L of - - — 

separated, the aqueous layer was extracted with ^ by rotory^ svaporation to provide a dark 

cmo, and the combined materia! was swished w„h 500 ^ ^ asec0Ild crop was 

; ffl Ld ro provide an off-white sohd, the filtrate wa, ^ «« 1— *- " l 

calc'd M + Hfor C,WO, : 314.0987. Found: 314.0993. 

iH^seleil^L — . . 2LofEt0 Hand 105~mL (1.05 moles) of 10 

35 overnight ^^-'T^*,*--""'--* - ** - "' 
mmovedbyrotaryevaporatton. The residue was S pe 
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drvnessbvrotaryevaporation. The solids were suspended in 3.8 L of CH 2 C1 2 and 200 mL of DMF, 
dryness by rotary evap fn11owedbY 1105 (733 mmol) of TBSC1. After stirring for 

1 18.7g(l-75moles)ofiimdazolewasadded,foUowedbynu.M/^ , 0TnfrHC1 ^ 

l5hunderagentlestreamofN 2 ,thereactionwasdun a pedinto4Lofwaterand2Lo^ 

ir W ereLwashed^th4x4L0fwater,d ri e^ 

lol The residue was dissolved in 500 xnL of MeOH and 500 mL of 2M MeNH 2 m MeOH, 
^concentratedhy rotary evaporation. Theresa 

uTacltantw^^^^^ 

Q «n1id Data for 1-8- 1 HNMR (500 MHz, CDC1 3 ) 6 7.6 - 7.3 (m, 5H), 7.1 - 6.9 (m, 3H), 



SHHEME2 





1.TMSCI, 
^ TEA, DMF 

<y^O 2 - Selectfluor 
CH 3 CN 



2-1 



.Me 

O HN 

F MeNH 2 , \ X 

..y NaBH(OAc) 3 k S 

0 A Q DCE Q A 0 




2-2 




2-2a 



1.BOC 2 0,TEA, (^) 



\ 0 



DMC 



N 



1 1 4-cyclohexadiene 
Pd/C, EtOH 



N' 



.Me 



2. CSP HPLC 




2. CH 2 0, NaCNBH 3 



O 



MeOH 



N 
Me 



2-4 



1.HCI(g) 
EtOAc 



HN 



.Me 



EtOAc 



2. K 2 C0 3 , 
H 2 0 



N 
Me 



2-5 
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vlate^ 



t mmoll of triethylamine and them 6.53 niL (52 mmol) of TMSC1. Tne reac 
5 * mixhne was ***** w*h "rrr^^e, in 500mL of CH.CN and 

co^e.ttuedbytou.ryevaporation. The residue was loaded 00.0 a sthca gel 
10 EtOAeftexaoestopiovideiaasaeolotlessod. 

^^^^ ' 

15 After stunng for 2h, the reaction wa q extracts were washed with 

separateiandtheaqueousphaseextractedSxEtOAc. residue was loaded onto 

^vr.qn filtered and concentrated by rotary evaporation. The resume w 
brine, dned over MgS0 4 , filtered ana mt0Ac/Me0 H to provide both the c« and .ran^ 

a silica gel column and eluted with 80:10:10 CHCl^tOAcMeOH J ^ 
isomers of 2^ as colorless oils. Datafor the^o^of^ toelu 

20 analysis): 'HNMR (600 MHz, CD 2 C1 2 ) 8 7.4 73 ^ ^^^J^^^isomerof 

^secondtoelute^onfn^edbyNOEan^ 2 9 (m , 2H) , 2.6 (m. 1H), 2.4 (s, 3H), 1.8 (m, 
(m, 2H), 4.9 - 4.7 (m 1H), 4.4 (m, 1H), 4.15 (m, 1H), 3^1 -25 « J 
lH),1.6(m,lH)p P m HRMS (ES) calc'dM.HforC^N.0, 267.1504. Foun 

25 St^: Benzyl WS+W*^^ 

caThoXvla's(2-a . rfCH^l, was added 12.1 mL 

Toasolutionof7.67g(a8.8imnol)ofci S -23aml50niLofWl ! wa8 

n f r^eaBd9 44 g (43.3.omol)ofd i - K r,-bo«,ldioa I bo I1 a.e. Affcr stnmtgfor Ih 
(86.5 mmol) of tnefoylamme and 9.44g< OTgamc phase wa. waahed with brine, dried 

30 the reaerioo was partitioned berween CH.C1. aad HA onK> . silica sel 

column and eluted with EtOAc/bexanes to provide ^ ^"^^ysf^ x 50cm column with 20% 
cantiomers was curried out chromatogtuphtcally using a unratp . 

of the 

isopropanol in hesanes (with 0.1% diemylamine) a. 150 mUnun. Andyftc. ^ > 
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h ^a3^sR.=674nnn. Datafor2^:HRMS(ES)calc'dM + Nafor 
and the second enanttomer (2-3) has K,-o-'^ 
C^F^O,: 389.1847. Found: 389.1852. 

evaporadoo. rH^^fc A^tto. 1.581(25.1 

l0 nm ol)ofNaCNBH s «. lOmU «M ^ orgmic pha8e was 

dumped tato saturated aoueous NaHCO, After e « * ^ B ^de 2,4 as 

^hed with ««■ «* over MgSC filtered and -"—-J* ^^247.1817. Found: 247.18X0. 
a colorlesa 0,1. Date for fcfc HBMS (ES) calc d M + H for CaHJFNaOa. 

^ An r„ (2-5) 

15 *»* QM ff^ 0 ^SoXf^^ 

To a solution of 3.0g (12.2 mmou o _ ^ 

to p M vtdea„„«esoud. ^»^» M ^ ^evapor. don with verv mild 

25 aa a colorlesa oil. Data for ii HNMR ( 500 MHZ. ^ 
lH)2.5(s,3H).2.4S(m.lH),2.3(s.3H),2.2-2.0(m,2H),1.9 1.7 (m. 

M + Hfor CftsFNa: 147.1292. Found: 147.1300. 



25 



< jfHF.ME2A 

Step 1 : 



mixture was quenched into 10 L or 5 * so sodium 
^.^-k— .20-C Theorganiclayerwaswashed-o .w*K 
bic Lnate. The final organic layer was dried over soduun sulfate, filtered, an 
35 reduced pressure and solvent switched to lOLMeCN. 
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a *v, n * T of MeCN and Selectfluor (4.1 kg, H-5 
soluttcninM^-^^^^n^^^^^ L^conndning 
20Lof2NhydrocMoncacidand30Lofethyta wr sodium sulfate, and filtered. The filtrate 

was concentrated and flushed with dry EtOAc under reduced pressure KF 
solvent switched under reduced pressure to -10L THF. 



10 Step_2: 



15 



20 



25 



30 



„, , .oond-bcom flask, Cbz ^^^l™'™ M md mixture 

02.36 moles; 162 kg) was added to potions .o the solution n> 15 — 
aged at 0 °C until completion as jodged by HPU1 analyse 

hydrccblorie acid, 12 M in water (30.9 moles. 2.575 L), «« ^ „ attI 

Jgo^ snadng.br 15 n^.U» 1 .y«s W e re sep^^^^ 10Mta 
<UU The combine. aquerms layer was transferred back m<o *e » J 

Tbe organic layer was dried wttb sodrnm *M - ^ £ 

was Solved in 8:2 <vol,ol, etiunokwater (23 kg elbano, ^J 1 ^^. m ^ was 

stirred at room temperature overnight. Crystalline y> v 

The solid was suspended m 36L EtOH and 



solid. 
Step 3 : 



^ Q rhnYylate2"3_ 



35 



^rhnxylate 2-3_ - "77771 Mo rr> the mixture was stirred 

*.»!.— «-*— L r t ^^^,^ ere add*. 
^..flsoUdwas dissolved. IPAC (20U andCBZamtnecatboiylate (1.85 kg, 5.3 
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10 



15 



c^o^clayerswerednedwifhsc^uns^ Tsot^O0M,4.S U wa S added. HPU: 

The concentrated solution (4 L) from toe cmr y> 

, c^ed a q »eoo« layers were back extract wrd, 8 L .MM* ™ 

^oversodiumsdfataanda^ad. The fitoate was osedntlhenex. step 

T^e^ace.a.eso.uUo.eo^^ro^ oisjvoiumeof 
1 JU <be batch was then solvent switched to Chanel by chargntg m- 

constantvolume. j worn flask was added 1.5 L of elhanol(200 proof. 

To.^«^^^^ W ttto ^ 1 ^^ toBB ^be 1 ow 

p^Ulioos). ^nn-°f^ ,cUon *7* Ma ^f. forlh ^eeth^olsoludonconUlntagWg 

of the Boe protected dtannne 24 was then slowly fomtheso i ution . The reaction 

potat where « of *. addidon was — h, «lradon and cake 
was moorlottd by OC and fne slot* shned ovenr^t _Th ^ ^ ^ . 

35 rr^^cr^prrsasfhe^bf.des.. 

indicated the batch to be 99.3% ee. 
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T Tt e Sam ptewasheatedtodis S olaa O awi«hah ea tg» n .Ailer2h00l S 

unit ceU was collected on 5 second quadian t data collection usmg 5 

10 Table 1. Crystal data and structure refinement for 2=3, 
Empirical formula dUn 0*1*0 

. Formula weight 251.17 
Temperature 298(2) K 

Wavelength 0.71073A 
15 Crystal system, space group Monoclinic, P2(l) 
^dimensions: a = 7.286(2)A alpha = 

b = 7.637(2) A beta = 105.295(5) deg. 
c = 12.378(4) A gamma = 90 deg. 
Volume 664.3(4) A 3 

20 Z, Calculated density 2, 1.256 Mg/m 

Absorption coefficient 0.477 mm 1 

F(000) 268 
Crystal size 0.24 x 0.22 x 0.14 mm 

Theta range for data collection 1.71 to 26.35 deg. 
25 Limiting indices -9<=*<=9. -*<=*<= 9 ' - 1 5 <^ 

Reflectionscollected/unique 5309 / 2674 pM = 0.0227] 

Completeness to theta = 26.35 99.7 % 

Absorption correction None 

Refinement method Full-matrix least-squares on F 

30 Data /restraints /parameters 2674/1/135 

Goodness-of-fitonF 2 1-055 ^ 

Final R indices r>2sigma(D] Rl = 0.0383, wR2 = 0.0939 

„, -v to i — O 0409 wR2 — 0.0959 

R indices (all data) Rl - 0 U4uy ' WKX 

Absolute structure parameter 0.02(6) 
35 Largest diff. peak and hole 0.310 and -0.135 e.A 
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Table 2. Atomic coordinates ( x 10 4 ) and equivalent isotropic 

displacement parameters (A 2 x 10 3 ) for 2^5. 

U(eq) is defined as one third of the trace of the orthogonahzed 

Uij tensor. 



U(eq) 



C(l) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(ll) 

Cl(l) 

Cl(2) 

F(l) 

N(l) 

N(2) 

0(11) 



10896(3) 
10015(3) 
7954(3) 
7708(3) 
8554(3) 
11521(4) 
5074(3) 
6300(5) 
2362(1) 
8214(1) 
10991(2) 
10618(3) 
7187(3) 
5695(3) 



4999(4) 
6778(3) 
6708(3) 
5658(3) 
3861(3) 
2227(3) 
8626(4) 
5224(6) 
4966(1) 
1057(1) 
7785(2) 
3989(2) 
8513(2) 
4422(3) 



3165(2) 
2967(2) 
2311(2) 
1234(2) 
1506(2) 
2315(2) 
1808(3) 
4909(3) 
194(1) 
4028(1) 
2346(1) 
2104(2) 
2056(2) 
3856(2) 



45(1) 

40(1) 

36(1) 

43(1) 

44(1) 
53(1) 

62(1) 
85(1) 

53(1) 
55(1) 
55(1) 
39(1) 
39(1) 
68(1) 
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Table 3. Bond lengths [A] and angles [deg] for £5. 



C(l)-N(l) 
C(l)-C(2) 
C(1)-H(1A) 
C(1)-H(1B) 
C(2)-F(l) 
C(2)-C(3) . 
C(2)-H(2) 
C(3)-N(2) 
C(3)-C(4) 
C(3)-H(3) 
C(4)-C(5) 
C(4)-H(4A) 
C(4)-H(4B) 
C(5)-N(l) 
C(5)-H(5A) 
C(5)-H(5B) 
C(6)-N(l) 
C(6)-H(6A) 
C(6)-H(6B) 
C(6)-H(6C) 
C(7)-N(2) 
C(7)-H(7A) 
C(7)-H(7B) 
C(7)-H(7Q 

C(11)-0(U) 
C(11)-H(11A) 
C(11)-H(11B) 
C(11)-H(UC) 
N(l)-H(l) 
N(2)-H(2A) 
N(2)-H(2B) 
0(U)-H(11) 
N(l)-C(l)-C(2) 
N(1)-C(1)-H(1A) 



1.491(3) 
1.495(3) 
0.9700 
0.9700 
1.406(3) 
1.508(3) 
0.9800 
1.489(3) 
1.525(3) 
0.9800 
1.505(3) 
0.9700 
0.9700 
1.494(3) 
0.9700 
0.9700 
1.490(3) 
0.9600 
0.9600 
0.9600 
1.491(3) 
0.9600 
0.9600 
0.9600 
1.402(4) 
0.9600 
0.9600 
0.9600 
0.77(2) 
0.9000 
0.9000 
0.8200 
111.88(18) 
109.2 



C(2)-C(1)-H(1A) 
N(1)-C(1)-H(1B) 
C(2)-C(1)-H(1B) 
H(1A)-C(1)-H(1B) 
F(l)-C(2)-C(l) 
F(l)-C(2)-C(3) 
C(l)-C(2)-C(3) 
F(l)-C(2)-H(2) 
C(l)-C(2)-H(2) 
C(3)-C(2)-H(2) 
N(2)-C(3)-C(2) 
N(2)-C(3)-C(4) 
C(2)-C(3)-C(4) 
N(2)-C(3)-H(3) 
C(2)-C(3)-H(3) 
C(4)-C(3)-H(3) 
C(5)-C(4)-C(3) 
C(5)-G(4)-H(4A) 
C(3)-C(4)-H(4A) 
C(5)-C(4)-H(4B) 
C(3)-C(4)-H(4B) 
H(4A)-C(4)-H(4B) 
N(l)-C(5)-C(4) 
N(1)-C(5)-H(5A) 
C(4)-C(5)-H(5A) 
N(1)-C(5)-H(5B) 
C(4)-C(5)-H(5B) 
H(5A)-C(5)-H(5B) 
N(1)-C(6)-H(6A) 
N(1)-C(6)-H(6B) 
H(6A)-C(6)-H(6B) 
N(1)-C(6)-H(6C) 
H(6A)-C(6)-H(6C) 
H(6B)-C(6>H(6Q 



109.2 
109.2 
109.2 

107.9 
109.28(19) 
107.49(17) 
112.33(18) 
109.2 
109.2 
109.2 
110.26(17) 
110.51(17) 
111.07(18) 
108.3 
108.3 
108.3 

109.71(19) 
109.7 
109.7 
109.7 
109.7 

108.2 
110.49(18) 
109.6 
109.6 
109.6 
109.6 
108.1 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 



90- 



PCTAJS2004/026012 



WO 2005/019206 



N(2)-C(7)-H(7A) 
N(2)-C(7)-H(7B) 
H(7A)-C(7)-H(7B) 
tf(2)-C(7)-H(7C) 
H(7A)-C(7)-H(7C) 
H(7B)-C(7)-H(7C) 
0(11)-C(H)-H(11A) 
(X11)-C(11)-H(11B) 
H(11A)-C(11)-H(HB) 
0(ll)-C(U)-H(nC) 
H(HA)-C(U)-H(11C) 
H(11B)-C(11)-H(11Q 
C(l)-N(l)-C(6) 



109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
111.2(2) 



C(l)-N(l)-C(5) 

C(6)-N(D-C(5) 

C(1>N(1)-H(D 

C(6)-N(l)-H(l) 

C(5)-N(l)-H(l) 

C(3)-N(2)-C(7) 

C(3)-N(2)-H(2A) 

C(7)-N(2)-H(2A) 

C(3)-N(2)-H(2B) 

C(7)-N(2)-H(2B) 

H(2A)-N(2)-H(2B) 

C(ll)-OCll)-H(H) 



110.83(17) 
111.57(19) 
107.9(17) 
110.0(17) 
105.1(18) 
113.99(19) 
108.8 
108.8 
108.8 
108.8 
107.6 
109.5 



Table 4. Anisotropic < 



: displacement parameters (A 2 x 10 3 ) for 2=5, 
T^e anisotropic displacement factor exponent takes the form: 
-2 pi 2 [ b 2 a* 2 Ul 1 + • • • + 2 b k a* b* U 12 ] 
T^T^^^T" U13 U12 



C(l) 45(1) 
C(2) 41(1) 
C(3) 38(1) 
C (4) 43(1) 
C(5) 44(1) 
C(6) 59(2) 
C(7) 37(1) 
C(1D 69(2) 
Q(l) 70(1) 
Cl(2) 68(1) 
F(l) 41(1) 
N(l) 47(1) 
N(2) 37(1) 
O(H) 59(1) 



49(1) 
41(1) 
39(1) 
43(1) 
39(1) 
40(1) 
68(2) 
112(3) 
52(1) 
58(1) 
49(1) 
36(1) 
43(1) 
80(2) 



38(1) 
37(1) 
35(1) 
40(1) 
46(1) 
62(2) 
78(2) 
77(2) 
43(1) 
43(1) 
75(1) 
40(1) 
39(1) 
63(1) 



0(1) 
-6(1) 
-1(1) 
-9(1) 
-9(1) 
7(1) 
-12(2) 
-25(2) 
-3(1) 
-10(1) 
2(1) 
4(1) 
-6(1) 
0(1) 



6(1) 

8(D 
13(1) 
4(1) 
8(1) 
21(1) 
12(1) 

21(2) 
25(1) 
21(1) 
18(1) 
18(1) 
15(1) 
14(1) 
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3(1) 
-5(1) 
-3(1) 
0(1) 
-5(1) 
12(1) 
8(1) 
7(2) 
-10(1) 
-3(1) 
-9(1) 
2(1) 
0(1) 
5(1) 
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Table 5. Hydrogen coordinates ( x 10 4 ) and isotropic 
displacement parameters (A 2 x 10 3 ) for 2=5_. 




H(1A) 12248 5118 3517 54 

HUB) 10335 4358 3675 54 

H (2) 10113 7348 .3689 48 

H (3) 7231 6126 2773 44 

H (4A) 6367 



H (4B) 8336 

H(5A) 7885 

H(5B) 8403 

H(6A) 12857 

H(6B) H341 



5558 853 52 

6256 " 740 52 

3246 1973 52 

3198 820 52 

2358 2661 79 

1615 1617 79 



H(6C) 10945 1575 2802 79 



H(7A) 4507 

H(7B) 4671 

H(7C) 4683 
H(11A) 7656 



7821 1218 92 

9795 1577 92 

8333 2468 92 

5U4 5184 128 



H(11B) 5699 4665 5421 128 

H(HC) 5960 6441 4843 128 

H(2A) 7550 8924 1463 46 

H (2B) 7704 9209 2644 46 

H (ll) 6251 3486 3866 102 

H(l) 11060(30) 4510(30) 1710(20) 29(6) 



-92- 



WO 2005/019206 



PCTAJS2004/026012 



NH 




o 



.sF F 



CH 3 



23. 



N OTBS TEA( DMAP 
X THF 




H 3 C - N ^0 



o 



N 

CH 3 



_ n „ rf3 » 4sy3-fluoro-l-methy^^ 

M * «n™ « 31 mmol) of aoune 2i 1-44 mL (10.3 nuncl) of medtyiannne, and a 
caMyucamountofDMAP. Alteram™* _„ NaHCO , ,he or^c was washed with brine, 
partitioned between EtOAc and saturated aqueous NaHCQ). tte^ was purified by silica 

dissolved in 75 mL of CH 3 CN, 3mL triethylarnine trihydrofluonde 

was added and the reaction extracted* with EtOAc, washed with brine, dried 

dumped into saturated aqueous NaHCO, extra gidue was purifie d by silica gel 

ov.Na^.andcon^^^^ ^^de^asawhitesoUd. Data 
odontography with EtOAc - 20: 11 * f_ fi 9 (m> 3H) , 6 . 3 ( s , 1H), 5.25 (xn, 

for3-l: 'HNMR(500MHz,CDa3)57.4-7.2(m,^),7.l t ^ ^ 

1H>Wh>,4^^^^ 

(s,3H),3.0(xn,lH),2.4-2.3(m,lH),2.3(s,3^ 2.3 *2<* 
(ES) tfdM + HtoCWW* 460.2207. Found: 460.2213. 
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(2S)^-(2,5-Difluorophenyl)-Ar-[(31?,4S)-3 tluoro ,v 

— ^^^^^^^ 

to 60-C for 15 fat. and assayed fbt co.vers.ofa ofc ^ 200 .m 

— — -added Tbesohtdonwas 

^ oofii destlvhdton was cotnpl* >»A% ^ WcabomK was added 

fcopropylacetate (3D and then 8wt * ao» „ 
^.otfaereacdoo^wMcfa— ^ U »e K wasfaed 

^^IL^*^^^**^^ ^B. donwaseonfinned 
m m a volume of 1L was obrruoed and then die reaotron ^ 
« hours. Heptane <W « *- ** — «« 2 ^ £ 500mls of 2:1 

tepM e: isopropyhteetare as displacement washes. The *>hd 3a 
^overnight ■Hfa^andH^Sdafa.for^sohdconespondea.odr. 

r-aandauroinde^save^^! .w,^*,™.-* 
crtorhombic P 2, 2, 2, space group after quao™ specifications of the solved 

See Tables 6-10 for tabulated information penutmng to the final spanfi 

Lcfaore. x.,^-.*-*.-*— 



Tablefi. Crystaldalaandsmictntetefinementfdril- 
Empirical formula CHtsFtNtO, 
Formula weight 459 - 50 
Temperature 298(2) K 

w.mlenetb 0.71073 A 

ZZZL sp-sxonp O^cahomhi, WKWI 
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Unit cell dimensions 



Volume 

Z, Calculated density 
Absorption coefficient 

F(000) 
Crystal size 



a = 11.3916(14) A alpha = 90 deg. 
b = 11.4808(14) A beta = 90 deg. 
c = 17.718(2) A gamma = 90 deg. 

2317.3(5) A 3 

4, 1.317 Mg/m 3 
0.101 mm' 1 

968 

0.14 mm x 0.13 mm x 0.13 mm 
Theta range for data collection 2.11 to 26.43 deg. 

.. • J* U<-h<=14, -14<=k<=14, -22<=1<=22 

Limiting indices -14<-n< i% 

Reflections collected /unique 22539 / 2698 [R(mt) = 0.0405] 

Completeness to theta = 26.43 99.8 % 

Absorption correction None ^ 

Refinement method Full-matrix least-squares on F 

Data / restraints / parameters 2698 / 0 / 301 

Goodness-of-fitonF A 2 1157 

FinalRindices[I>2sigma(I)] Rl = 0.0429, wR2 = 0.0993 

R indices (all data) Rl = 0.0550, W R2 = 0.1047 

Absolute structure parameter 0(10) 

Largest diff. peak and hole 0.165 and -0.120 e.A" 3 
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Table 7. Atomic coordinates ( x 10*) and equivalent isotropic 
displacementparametersCAHl^forCompound^. 
U(eq) is defined as one third of the trace of the orthogonahzed 
Uij tensor. 

U(eq) 



C(5) 
C(25) 
0(2) 
F(3) 
F(l) 
O(l) 
C(18) 
C(l) 
N(l) 
C(12) 
C(20) 
N(2) 
F(2) 
C(4) 
• C(17) 
C(2) 
C(ll) 
C(24) 
C(3) 
N(3) 
C(19) 
C(15) 
C(21) 
C(16) 
C(6) 
C(13) 
C(14) 



-2267(3) 
5273(3) 
24(2) 
4039(2) 
-3491(2) 
-2142(2) 
313(2) 
-1779(2) 
-501(2) 
-1597(2) 
2315(2) 
1463(2) 
177(2) 
-303(2) 
-680(3) 
-2267(2) 
-3201(3) 
2651(3) 
-1487(2) 
4491(2) 
1830(3) 
-1705(4) 
3404(2) 
-754(3) 
-2088(2) 
-2555(3) 
-2613(4) 



6218(3) 
3363(4) 
5125(1) 
6650(2) 
9889(2) 
5028(2) 
6092(2) 
6659(2) 
6935(2) 
9968(2) 
5486(2) 
6357(2) 
12521(2) 
8186(2) 
10679(2) 
7865(2) 
5372(2) 
4586(2) 
8695(2) 
4230(2) 
7139(3) 
12401(3) 
6016(2) 
11868(3) 
5851(2) 
10532(3) 
11716(3) 



2092(2) 
2054(3) 
1748(1) 
1452(1) 
691(1) 
2243(1) 
1508(1) 
1327(2) 
1354(1) 
1225(1) 
1637(1) 
1377(1) 
1590(1) 
1463(2) 
1453(2) 
1205(1) 
626(2) 
1056(2) 
1296(1) 
1726(2) 
769(2) 
1043(2) 
1983(2) 
1362(2) 
671(1) 
918(2) 
818(2) 



53(1) 
93(1) 
50(1) 
74(1) 
73(1) 
63(1) 
39(1) 
41(1) 
41(1) 
44(1) 
40(1) 
42(1) 
105(1) 
50(1) 
53(1) 
44(1) 
53(1) 
52(1) 
42(1) 
60(1) 
58(1) 
78(1) 
52(1) 
68(1) 
40(1) 
55(1) 
71(1) 
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C(7) 


-1323(3) 


5615(3) 


89(2) 


C(10) 


-3518(3) 


4678(3) 


26(2) 


C(9) 


-2748(3) 


4452(3) 


-544(2) 


C(22) 


4183(3) 


5085(3) 


2291(2) 


C(8) 


-1644(3) 


4917(3) 


-508(2) 


C(23) 


3449(3) 


3691(2) 


1414(2) 



Table 8. Bond lengths [A] and angles [degl for 2=1- 



C(5)-0(l) 

C(5)-C(l) 

C(5)-H(5A) 

C(5)-H(5B) 

C(25)-N(3) 

C(25)-H(25A) 

C(25)-H(25B) 

C(25)-H(25C) 

0(2)-C(18) 

F(3)-C(21) 

F(l)-C(13) 

0(1)-H(1) 

C(18)-N(l) 

C(18)-N(2) 

C(l)-N(l) 

C(l)-C(2) 

C(l)-C(6) 

N(l)-C(4) 

C(12)-C(13) 

C(12)-C(17) 

C(12)-C(3) 

C(20)-N(2) 

C(20)-C(24) 

C(20)-C(21) 

C(20)-H(20) 



1.399(3) 
1.550(4) 
0.9700 
0.9700 
1.457(4) 
0.9600 
0.9600 
0.9600 
1.233(3) 
1.393(3) 
1.358(4) 
0.8200 
1.368(3) 
1.364(3) 
1.490(3) 
1.508(3) 
1.528(4) 
1.466(3) 
1.381(4) 
1.386(4) 
1.473(3) 
1.468(3) 
1.508(4) 
1.512(4) 
0.9800 



N(2)-C(19) 

F(2)-C(16) 

C(4)-C(3) 

C(4)-H(4A) 

C(4)-H(4B) 

C(17)-C(16) 

C(17)-H(17) 

C(2)-C(3) 

C(2)-H(2) 

C(U)-C(10) 

C(ll)-C(6) 

C(11)-H(1D 

C(24)-C(23) 

C(24)-H(24A) 

C(24)-H(24B) 

N(3)-C(22) 

N(3)-C(23) 

C(19)-H(19A) 

C(19)-H(19B) 

C(19)-H(19C) 

C(15)-C(14) 

C(15)-C(16) 

C(15)-H(15) 

C(21)-C(22) 

C(21>H(21) 



1.464(3) 
1.360(4) 
1.500(3) 
0.9700 
0.9700 
1.376(4) 
0.9300 
1.313(4) 
0.9300 
1.376(4) 
1.385(4) 
0.9300 
1.511(4) 
0.9700 
0.9700 
1.446(4) 
1.448(4) 
0.9600 
0.9600 
0.9600 
1.360(5) 
1.367(5) 
0.9300 
1.492(4) 
0.9800 
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C(6)-C(7) 
C(13)-C(14) 
C(14)-H(14) 
C(7)-C(8) 
C(7)-H(7) 
C(10)-C(9) 
C(10)-H(10) 
C(9)-C(8) 
C(9)-H(9) 
C(22)-H(22A) 
C(22)-H(22B) 
C(8)-H(8) 
C(23)-H(23A) 
C(23)-H(23B) 

0(1)-C(5)-C(D 
0(1)-C(5)-H(5A) 
C(1)-C(5)-H(5A) 
0(1)-C(5)-H(5B) 
C(1)-C(5)-H(5B) 
H(5A)-C(5)-H(5B) 
N(3)-C(25)-H(25A) 
N(3)-C(25)-H(25B) 
H(25A)-C(25)-H(25B) 
N(3)-C(25)-H(25Q 
H(25A)-C(25)-H(25Q 
H(25B)-C(25)-H(25C) 
C(5)-0(1)-H(l) 
0(2)-C(18)-N(l) 
0(2)-C(18)-N(2) 
N(l)-C(18)-N(2) 
N(l)-C(l)-C(2) 
N(l)-C(l)-C(6) 
C(2)-C(l)-C(6) 
N(l)-C(l)-C(5) 
C(2)-C(1>C(5) 
C(6)-C(l)-C(5) 



1.377(4) 
1.372(4) 
0.9300 
1.377(4) 
0.9300 
1.362(4) 
0.9300 
1.368(5) 
0.9300 
0.9700 
0.9700 
0.9300 
0.9700 
0.9700 
116.7(2) 
108.1 
108.1 
108.1 
108.1 
107.3 
109.5 
109.5 



109.5 
109.5 
109.5 
109.5 
109.5 
121.6(2) 
121.0(2) 
117.3(2) 
99.73(19) 
112.2(2) 
111.3(2) 
113.1(2) 
107.1(2) 
112.6(2) 



C(18)-N(l)-C(4) 
C(18)-N(1)-C(D 
C(4)-N(l)-C(l) 
C(13)-C(12)-C(17) 
C(13)-C(12)-C(3) 
C(17)-C(12)-C(3) 
N(2)-C(20)-C(24) 
N(2)-C(20)-C(21) 
C(24)-C(20)-C(21) 
N(2)-C(20)-H(20) 
C(24)-C(20)-H(20) 
C(21)-C(20)-H(20) 
C(18)-N(2)-C(19) 
C(18)-N(2)-C(20) 
C(19)-N(2)-C(20) 
N(l)-C(4)-C(3) 
N(1)-C(4)-H(4A) 
C(3)-C(4)-H(4A) 
N(1)-C(4)-H(4B) 
C(3)-C(4)-H(4B) 
H(4A)-C(4)-H(4B) 
C(16)-C(17)-C(12) 
C(16)-C(17)-H(17) 
C(12)-C(17)-H(17) 
C(3)-C(2)-C(D 
C(3)-C(2)-H(2) 
C(l)-C(2)-H(2) 
C(10)-C(H)-C(6) 
C(10)-C(11)-H(H) 
C(6)-C(ll)-H(ll) 
C(20)-C(24)-C(23) 
C(20)-C(24)-H(24A) 
C(23)-C(24)-H(24A) 
C(20)-C(24)-H(24B) 
C(23)-C(24)-H(24B) 
H(24A)-C(24>H(24B) 



124.2(2) 
121.18(19) 
111.32(19) 
115.7(2) 
124.5(3) 
119.7(2) 
114.8(2) 
113.3(2) 
110.1(2) 
105.9 
105.9 
105.9 
122.5(2) 
115.44(19) 
117.40(19) 
102.5(2) 
111.3 
111.3 
111.3 
111.3 
109.2 
120.3(3) 
119.9 
119.9 
113.6(2) 



123.2 
123.2 
121.0(3) 
119.5 
119.5 
109-4(2) 
109.8 
109.8 
109.8 
109.8 
108.2 
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C(2)-C(3)-C(12) 
C(2)-C(3)-C(4) 
C(12)-C(3)-C(4) 
C(22)-N(3)-C(23) 
C(22)-N(3)-C(25) 
C(23)-N(3)-C(25) 
N(2)-C(19)-H(19A) 
N(2)-C(19)-H(19B) 
H(19A>C(19)-H(19B) 
N(2)-C(19)-H(19Q 
H(19A)-C(19)-H(19C) 
H(19B)-C(19)-H(19C) 
C(14)-C(15)-C(16) 
C(14)-C(15)-H(15) 
C(16)-C(15)-H(15) 
F(3)-C(21)-C(22) 
F(3)-C(21)-C(20) 
C(22)-C(21)-C(20) 
F(3)-C(21)-H(21) 
C(22)-C(21)-H(21) 
C(20)-C(21)-H(21) 
F(2)-C(16)-C(15) 
F(2)-C(16)-C(17) 
C(15)-C(16)-C(17) 
C(7)-C(6)-C(ll) 
C(7)-C(6)-C(D 
C(11)-C(6)-C(D 
F(l)-C(13)-C(14) 
F(l)-C(13)-C(12) 
Q14)-C(13)-C(12) 
C(15)-C(14)-C(13) 
C(15)-C(14)-H(14) 
C(13)-C(14)-H(14) 
C(6)-C(7)-C(8) 
C(6)-C(7)-H(7) 
C(8>C(7)-H(7) 



130-7(2) 
110.5(2) 
118.7(2) 
110.8(2) 
109.7(3) 
111.2(3) 
109.5 
109.5 

109.5 
109.5 
109.5 
109.5 
117.7(3) 
121.1 
121.1 
108.3(2) 
111.3(2) 
110.4(2) 
109.0 
109.0 
109.0 
119.6(3) 
117.7(3) 
122.8(3) 
117.3(3) 
122.9(2) 
119.7(2) 
117.6(3) 
118.8(3) 
123.6(3) 
119.9(3) 
120.0 
120.0 
121.5(3) 
119.3 
119.3 



C(9)-C(10)-C(ll) 
C(9)-C(10)-H(10) 
C(ll)-C(10)-H(10) 
C(10)-C(9)-C(8) 
C(10)-C(9)-H(9) 
C(8)-C(9)-H(9) 
N(3)-C(22)-C(21) 
N(3)-C(22)-H(22A) 
C(21)-C(22)-H(22A) 
N(3)-C(22)-H(22B) 
C(21)-C(22)-H(22B) 
H(22A)-C(22)-H(22B) 
C(9)-C(8>C(7) 
C(9)-C(8)-H(8) 
C(7)-C(8)-H(8) 
N(3)-C(23)-C(24) 
N(3)-C(23)-H(23A) 
C(24)-C(23)-H(23A) 
N(3)-C(23)-H(23B) 
C(24)-C(23)-H(23B) 
H(23A)-C(23)-H(23B) 



120.9(3) 
119.5 
119.5 
118.9(3) 
120.5 
120.5 
112.1(2) 
109.2 
109.2 
109.2 
109.2 
107.9 
120.4(3) 
119.8 
119.8 
111.3(2) 
109.4 
109.4 
109.4 
109.4 
108.0 
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th'^wi + •••■>- 2 hka * b * U121 



-2 pi' 



Ull U22 



U33 U23 U13 W2 



-5(1) 



10 



CCO 52(2) 57(2) 50(2) 2(1) 40 

C0S) 53(2, 89(3) I3W) W» »» 

(X2) 43(1) 33(1) 75(1) W» -W «» 

TO 58(1) 57(1, 109(1) ISO - 15( » 

Rl 65(1, 68(1, 86(1, 5(1, -1« « 

15 Z 63(1 «» •» z Z 

CW 42(1) 32(1, 42(1, 10) -«» *» 

«„ 350, 380) 500) m W «» 

N(I) 390) 28(1) 550) «0> -TO * 

C02) 6CK2, 35,1) 360 * « « > 



" 5 = s = z 1 1 

KD 144(2) 40(1) 13K2) -4(D ^2) . 



C(17) 69(2) 37(1) 53(2) 2(1) 32 



O0 45(1, 30(1) 74(2, 60) ^ *» 

9(1) 

Oo'l, 49(2, 51(2) 58(2) *0 ^ « 
000 55(2) 440) 58(2) -30) "«» *" 
OH, 49(1) 39(1) 380) W) * 90) 
m 400) 58(1) 82(2) 20(1) 90) *» 
30 009) 53(2, 4,(2, 73(2, 240) W» ™ 
C05, 127C3, 38(2, 68(2, «» «» W» 
CCW 460, 51(2) 58(2, -60 -MO «' 
M 105(3, 35(1, 65(2) -20) -W *» 
C 6, 40O) 33(1, 480) TO *» «« 
0(13) 67(2) 53(2) 47(2, Off) 4(1) 19(2) 
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C(14) 99(3) 
C(7) 51(2) 
C(10) 61(2) 
C(9) 82(2) 
C(22) 43(2) 
C(8) 75(2) 
C(23) 65(2) 



53(2) 62(2) 

66(2) 56(2) 

55(2) 75(2) 

61(2) 67(2) 

81(2) 67(2) 

83(2) 63(2) 

42(1) 83(2) 



4(2) -6(2) 35(2) 

-8(2) KD 5 <?> 

0(2) -21(2) -6(2) 

-18(2) -23(2) 14(2) 

12(2) -6(1) -3(2) 

-19(2) 0(2) 21(2) 
3(2) 8(2) 12(2) 



10 



Table 10. Hydrogen coordinates ( x 10*) and isotropic 
displacement parameters (A 2 x 10 3 ) for 2A 



15 



U(eq) 



20 



25 



30 



H(5A) 

H(5B) 

H(25A) 

H(25B) 

H(25Q 

H(l) 

H(20) 

H(4A) 

H(4B) 

H(17) 

H(2) 

H(1D 



-1881 
-3096 
4878 
5963 
5495 
-1483 
1926 
287 
-61 
-13 
-3046 
-3743 



35 



H(24A) 3051 

H(24B) 1951 

H(19A) H81 

H(19B) 2463 

H(19Q 2087 

H(15) -1730 



6648 
6408 
2968 
3742 
2810 
4815 
5057 
8479 
8355 
10353 
8007 
5520 
4959 
4208 
7275 
6789 
7865 
13206 



2493 
2114 
2458 
2246 
1674 
2120 
2045 
1116 
1977 
1669 
1077 
1006 
637 
863 
435 
492 
980 
983 



64 
64 
139 
139 
139 
95 
48 
60 
60 
64 
53 
63 
62 
62 
88 
88 
88 
93 
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H(21) 


3171 


6536 


2395 


62 


Hfl4) 

±X\X~TJ 


-3273 


12049 


597 


85 




-572 


5933 


100 


69 


H(10) 


-4ZOo 


43oU 


r\ 

y 


7o 


H(9) 


-2970 


3989 


-950 


84 


H(22A) 


4894 


5438 


2487 


77 


H(22B) 


3787 


4700 


2707 


77 


H(8) 


-1106 


4760 


-890 


88 


H(23A) 


3028 


3288 


1812 


76 


H(23B) 


3677 


3120 


1038 


76 
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SCHEME 4 




(2 l S)^2,5-Difluorophenyl)-AH(3S,^ 

phenvl-2,5-dihvdro-l//-pvrrole-l-carhnxamide(4-2'> 

5 This compound was made in a manner identical to that for 3-1. with the exception of 

incorporation of the first eluting enantiomer of 23 from the chiral column described in Scheme 2, Step 3. 
Data for 4=2: 1 HNMR (500 MHz, CDC1 3 ) 8 7.4 - 7.2 (m, 5H), 7. 1 - 6.9 (m, 3H), 6.3 (s, 1H), 5.4 (bs, 
1H), 5.2 (d, 1H), 4.9 (m, 1H), 4.6 (m, 1H), 4.4 (m, 1H), 4.0 (m, 1H), 3.8 (m, 1H), 3.2 (s, 3H), 3.0 (m, 
1H), 2.5 - 2.2 (m, 3H), 2.4 (s, 3H), 1.8 - 1.6 (m, 2H) ppm. HRMS (ES) calc'd M + H for Cv&vF^O* 
10 460.2207. Found: 460.2229. 
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SCHEME 5 
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SCHEME 5 (rnntinued) 



10 



15 



H3CS 



N 



a 




NT 
CH 3 



1=2. 



.Ph TEA, DMAP, THF 
N X OTBS 




20 



25 



u n v ™ 4K>3-fluoro-l-methy^ 
(2S)4-(2,5-Difluorophenyl)-N-[(3/?,4K) 5 iiucro j r r ^ 



^t*a»dkW— r T^0 1 r^lyla-ine) at 1 mUmin 

indicated that first eluting enanbomer has fc - 7.30 mm an tQ ovide 

Thefirstelutmgen— 

explained in Scheme 2. Data for HNMKt. ^ 2 . 9 (s , 3H ), 2.85 (m. 

1H), 235 (s, 3H>, 2.2 - 1.9 (m, 3H), 1.7 0*. » PP"- of 5 . 3 and M 

460 2207 Found: 460.2231. The absolute stereochemistry on the pipendine of ™P 
ZZZ determined and stereochemUtr, Indict haa heen tentatrvely asersned 

(2 ^ 2 ,5„heny«^ 

^^ihydro-lH-pyrrole-l^clm™^"^ Heal to mat for 5Av»ilh the exception of 
^^^^-^^^ Data for £4: WMR 

(500MHz, CDa J )67.4-7.2(m,5H),7.1 »» . J < S ,3H>.2.2- 1.9 (m, 

Cm ffl), 4.0 On, IB). 3.85 (m, 1H), 3.25 ^460.222,. 
4H)ppm. HEMSCESlcalc'dM + HforftsH^rNrOa. 460.2207. r 
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SCHEME 6 




10 



1. THF 

2. CDI 
THF, 70 C 




3. Mel, 60 C I 
C H 3 CN O^N^ N -CH 3 



6* W 



anhydrous acetomtnle (20.0 mL) The resu g at 40°C. The reaction was 

(10.1 mL, 62.0 nnnol) while stimng under N, FoU owing cessation of gas 

was dried over magnesuam sulfate, filtered 4-hydro X y-2-phenylpyrrolidine-l- 

waseffectedfro.EtOAc^^ 

carbo X ylate(6-2)asawhitecrystallmesohd. HNMR(3UU 
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4.90 (m, 1H), 4.42 (m, 1H), 3.88 (m, 1H), 3.56 (dd, 7 = 11.5, 4.0 Hz, 1H), 2.60 (m, 1H), 2.03 (m, 1H), 
1.50 and 1.20 (br s, 9H); MS 208.0 found, 208.1 (M - C(CH 3 ) 3 ) required. 

Step 2 : f2SVtert-Butvl 4-oxo-2-phenvlpvrrolidine-l>carboxvlate (6-3) 

5 To a flame dried flask equipped with stir bar was added 150 mL anhydrous 

dichloromethane which was cooled to -78°C. Oxalyl chloride (3.8 mL, 44 mmol) and DMSO (4.8 mL, 
61 mmol) were added sequentially and the reaction stirred for 10 minutes. (2S,4S)-tert-Butyl 4-hydroxy- 
2-phenylpyrrolidine-l-carboxylate (6-2, 2.28 g, 8.73 mmol) in 10 mL anhydrous dichloromethane was 
added dropwise and stirred 1 hour at -78°C. Triethylamine (12 mL, 87mmol) was added and the reaction 

10 was wanned to 0°C over 1 hour. Upon completion, the reaction was washed with 5% NaHC0 3 , brine 
and dried over MgSC>4. The organic layer was concentrated to provide crude (2S)-tert-butyl 4-oxo-2- 
phenylpyrrolidine-l-carboxylate (6-3). Recrystallization was effected with EtOAc/hexanes. *H NMR 
(300 MHz, CDC1 3 ) 8 7.35 (m, 3H), 7. 17 (m, 2H), 5.38 (m, 1H), 4.08 (d, J = 19.5 Hz, 1H), 3.90 (d, J = 
19.3 Hz, 1H), 3.13 (dd, / = 18.8, 9.8 Hz, 1H), 2.58 (dd, J = 18.6, 2.4 Hz, 1H), 1.40 (br s, 9H); MS 206.0 

1 5 found, 206. 1 (M - C(CH 3 >3) required. 

Step 3 : (2S)-tert-Butyl 2-phenyl-4-{ [(trifluoromethyl)sulfonyl]oxy } -2,5-dihydro-lH-pyrrole-l- 

carboxvlate (6-4 ) 

To a flame dried flask equipped with stir bar was added ketone (2S)-tert-butyl 4-oxo-2- 

20 phenylpyrrolidine-l-carboxylate (6-3, 0. 16 g, 0.62 mmol) and anhydrous THF (2 mL). The resulting 

solution was cooled to -78°C, and treated dropwise with lithium hexamethyldisilylamide (LHMDS, 0.68 
mL, 1M in THF, 0.68 mmoL). The reaction stirred 1 hour at -78°C, and N-(5-chloropyridin-2-yl)-l,l,l- 
trifluoro-N-[(trifluorometh^ (0.27 g, 068 mmol) was added neat in one 

portion. The reaction was allowed to warm to 0°C and stirred 4 hours total. The reaction was diluted with 

25 Et 2 0 (lOmL) and washed successively with H 2 0 (lOmL) and brine (10 mL). The organic layer was dried 
over MgS0 4 , filtered and concentrated. The crude residue was purified by flash column 
choromatography (0-20% EtOAc/hexanes gradient, 15 min) to provide (2S)-tert-butyl 2-phenyl-4- 
{[(trifluoromethyl)sulfon^ (6^t). *H NMR (300 MHz, 

CDCI3) major rotamer: 8 7.30 (m, 5H), 5.72 (m, 1H), 5.48 (m, 1H), 4.42 (m, 2H), 1.18 (s, 9H); MS 379.0 

30 found 379. 1 (M - CH 3 ) required. 

Step 4 : (2S)^2,5-Difluorophenyl)-2-phenyl-N,^^ 

carboxamide (6-5) 

To a flame dried flask equipped with stir bar was added (2S)-tert-butyl 2-phenyl-4- 
35 { [(trifluoromethyl)sulfonyl]oxy }-2,5-dihydro-lH-pyrrole-l-carboxylate (6-4, 0.250 g, 0.636 mmol), 2,5- 
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difluorophenyl boronic acid (0.251 g, 1.59 mmol), Na 2 C0 3 (0.202 g, 1.91 mmol), and LiCl (0.081 g, 1.91 
mmol). The solids were dissolved in 20 mL 4:1 DME/H 2 0 and degassed with nitrogen. Pd(PPh 3 ) 4 (0.037 
g, 0.032 mmol) was added and the reaction was sealed under nitrogen and heated to 90°C for 2 hours. 
Upon completion, the reaction was partitioned between 5% aq. NaHC0 3 and EtOAc (3 x 50 mL), and the 
5 combined organic layers were dried over MgS0 4 . Following filtration, the organic layer was 

concentrated and purified via flash column chromatography (Si0 2 , 0-20% EtOAc/hexanes gradient) to 
provide (2S)-tert-butyl 4-(2,5-difluorophenyl)-2-phenyl-2,5-dto^ (6-5). 

Ste P 5: H[(2S)-4-(2,5-Difluorophenyl)-2-pte 
10 methyl- lH-imidazol-3 -inm 

To a flame-dried flask equipped with stir bar under nitrogen was charged 6-5 (0.63 g, 
1.75 mmol) and anhydrous CH2CL2 (10 mL). The resulting solution was treated with trifluoroacetic acid 
(5 mL) and stirred 1.5 hours at 25°C. Upon completion,- the reaction was concentrated, taken up in 
CH 2 C1 2 (50 mL) and washed with 5% NaHC0 3 (50 mL). The organic layer was dried (MgS0 4 ), filtered 

15 and concentrated under reduced pressure. The resulting free-amine was dissolved in anhydrous THF (10 
mL) and treated with carbonyl diimidazole (0.31 g, 1.93 mmol). The resulting solution was refluxed for 4 
hours until completion. The reaction was concentrated, taken up in EtOAc (50 mL) and washed with H 2 0 
and brine. The combined organic layers were dried (MgS0 4 ) and concentrated. The crude acyl imidazole 
was dissolved in anhydrous CH 3 CN and treated with Mel (2.2 mL, 36 mmol). The resulting solution was 

20 stirred at 25°C overnight. Upon completion, the reaction was concentrated to give 6-6 as an orange 
colored solid: LRMS m/z (M+H) 365.9 found, 366.1 required. 



SCHEME 7 




CH 3 
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u n v rr^ 4<rt 3-fluoro-l-niethylpiperidin^-yl]-N-methyl-2-phenyl-2,5- 
(2S)-4-(2,5-Difluorophenyl)-N-[(31?,4S)-i-tmoro-i u j f f 

V* • 9S a ndl06uL(076nunol)oftriethylainine/Afterstiinngfor72hatroom 

e ^T; lCeJ^overMgS0 4 ,and concentrated by rotaxy evaporation. The rescue was 
was washed with bnne, dned Mg 4, OTa ^ t0Ac/Me0 H to provide 2=1 as a white 

purified by silica gel chroxnatography wtfh N^ 0 " 10 <^ 21Q1 Found: 430 . 2116 . 

solid. Dataforld: HRMS (ES) calc'd M + H for C24H25F3N3O. 430.2101 





O 
F 



7-2 



u n wrn^4RV3-fluoro-l-methylpiperidin^-yl]-N-methyl-2-phenyl-2,5- 
10 (2S)-4-(2,5-Difluorophenyl)-N-[(3S,4K)-J uuoro 1 

dihydroj W- pvrrole-1 ;garboxamide (7-2) 



^ Da.*,!* HRMS CBS) ^0, fW: 430^.9. 





7-3 
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u « v inn Am 3-fluoro-l-methylpiperidin-4-yl]-N-methyl-2-phenyl-2,5- 
(2S)-4-(2,5-Difluorophenyl)-N-[(3i?,4/?>3-tiuoro-i m jvv 

m^dHrSm^ ^^^ (7 ' 3) 77 T~Z wav ^ was 7=L substituting 5=1 as 

This compound was made in an analogous way as was & 

« . * -7 3- HRMS(ES)calc'dM + HforC 24 H 2 6F3N 3 0: 430.2101. Found: 
starting material. Data for 24 : ^^J^ e of compound 7 -3 has not been determined and 
4302115 The absolute stereochemistry on the pmentime 01 co v 

stereochemistry indicatedhasbeen tentatively ^ ^^ onsofthe procedures 

The following compounds are prepared by simpie 

those utilized in the Schemes. 





CH 2 OH 
CH 2 OH 



Me 
Me 



F 
F 



H 
H 




CH 2 OH 



Me 



H 




I M CH 2 OH 



Me 



H 



10 




N 



CH 2 OH 
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Me 



H 



H 



CH 2 OH Me 



H 




CH 2 OH Me 



H 



NH 



CH 2 OH 



Me 



H 



-N 



CH 2 OH Me 



H 




N 



CH 2 OH 



Me 



H 




CH 2 OH Me 
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Rl 



Me 



Me 



Me 



Me 



Me 



R 2 



H 



H 




Me 



Me 



O 
H 

O 

X 

N OMe 
H 

O 

ll 

'N NH 2 
H 



Me 



Me 



Me 



R 4 



H 



H 



H 



H 



H 



Me 




Me 



H 
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R, R 2 



Me CH 2 OH 



R 3 R 4 R 5 




Me CH 2 OH y/^ 




Me CH 2 OH \ // 



Me CH 2 OH 




Me CH 2 OH ^^CN 




Me CH 2 OH F H 




F H 



F H 



F H 



F H 



Me CH 2 OH 



H 



F H 



Me CH 2 OH F H 
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R 3 



R 4 R 5 



Me CH 2 OH 



Me CI 



H 



Me CH 2 OH 



Me 



Br 



H 



Me CH 2 OH 



Me 



CN H 



Me CH 2 OH 



Me 



Me H 



Me CH 2 OH 



Me 



CF 3 H 



Me CH 2 OH 



Me 



NQ 2 H 



Me 



CH 2 OH 



Me 



OH 



Me CH 2 OH 



Me 



NH 2 



Me CH 2 OH 



Me 



Me 



CH 2 OH Me 
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SCHEME 8 



1 . SCVpyridine, TEA, 
DMSO/CH 2 CI 2 



OMe _ 

f | 2. MeNH 2 , NaCNBH 3: 



MeOH/AcOH 




id 



Me. 



1.Pd/C N ' 
1 ,4-cyclohexadiene 

EtOH 



3. BOC 2 0,TEA ) CH 2 CI 2 (f^V^ 0 ° 

4. LiBH 4 , THF/MeOH IJ^J 

rS<^ DAST, CH 2 CI 2l N 0 



&2 



Me- 



N O 



2. CH 2 0, NaCNBH 3 , 
MeOH/AcOH 




-78°C to rt 





N 



Me 



8=5 




I.HCI.EtOAc 



2. Ira, TEA 
THF 

3. TFA 





N '' 
Me 



ex. 



Me &6t> 



To a solution of 2.0 S <6.8 mmol) of 5=1 6eP°«»» S ' " 
„ ^, 1M1 56 408+4086)tal00iiiofCH I a J wasa'ld^3.33ni(23.9inmol)o 

Johnson /. Or g . Ctan. 1991, 5 * 4 °^°' „ ^ rf so.-pyxidine in 50 mL of DMSO. 
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and concentrated to provide the ketone. To 2. lg (7.2 mmol) of this ketone dissolved in 35 mL of MeOH 
was added lmL of AcOH and 14.4 mL (28.9 mmol) of a 2M solution of MeNH 2 in MeOH. After stirring 
for lh, 910mg (14.4 mmol) of NaCNBH 3 in 5 mL of MeOH was added and the reaction was stirred 
overnight. The reaction was quenched with saturated aqueous NH4CI, extracted with CH 2 C1 2 , washed 
5 with NaHC0 3 , H 2 0, brine, dried over MgS0 4 , and concentrated to provide 2.0g (7.2 mmol) of the amine. 
This material was dissolved in 25mL of CH 2 C1 2 , 1.78g (8.2 mmol) of di-terf-butyl dicarbonate and 1.8 
mL (12.9 mmol) of triethylamine were added, and the resultant mixture was stirred for 72h. The reaction 
was then partitioned between CH 2 C1 2 and saturated aqueous NaHC0 3 , separated, washed with H 2 0, 
brine, dried over MgS0 4 , and concentrated. The residue was purified by silica gel chromatography with 
10 EtOAc/hexanes to provide 1.85g (4.6 mmol) of a mixture of diastereomers. This was dissolved in 20 mL. 
of THF and lmL of MeOH, cooled to 0°C, and 496mg (22.8 mmol) of L1BH4 was added. After warming 
to room temperature and stirring overnight, the reaction was quenched with saturated aqueous NH4CI, 
extracted with EtOAc, washed with H 2 0, brine, dried over MgS0 4 , and concentrated to provide 8^2 as a 
colorless gum. Data for ^ LRMS (ES) calc'd M + H for QzoHsqN^: 379. Found: 379. 

15 

ferf-Butvl r2-flivdroxvmethvl)-l-methvlpiperidin-4-vllmethvlcarbainate (8-3) 

To 1.08g (2.9 mmol) of 8z2 in 30 mL of EtOH was added 7mL (74 mmol) of 1,4- 
cyclohexadiene and a catalytic amount of 10% Pd on carbon. After stirring overnight, the reaction was 
filtered through Celite, concentrated by rotary evaporation, and dissolved in 25mL of MeOH. To this was 

20 added 2mL of AcOH, and 700 yL (8.6 mmol) of 37% aqueous formaldehyde. After stirring overnight, 
540mg (8.6 mmol) of NaCNBH 3 in 5 mL of MeOH was added and the reaction was stirred for lh more. 
The solvents were removed by rotary evaporation, the residue was partitioned between EtOAc and 
aqueous NaHC0 3 , the organic phase was washed with brine, dried over Na 2 S0 4 , and concentrated. The 
residue was taken up in CH 2 C1 2 , filtered and concentrated to provide 8^3 as a colorless oil. Data for 8-3 : 

25 LRMS (ES) calc'd M + H for C 13 H 26 N 2 0 3 : 259. Found: 259. 

terf-Butyl [2-(fluoromethyl)-l-methylpiperidin-4-yl]methylcarbamate (8-4) and tert-butyl (6-fluoro-l- 

methvlazepan-4-vnmethvlcarbamate (8-5) 

To a solution of 350 \iL (2.6 mmol) of (diethylamino)sulfur trifluoride (DAST) in 15mL 

30 of CH 2 C1 2 at -78°C was added 520mg (2.0 mmol) of 8-3 in 5 mL of CH 2 C1 2 . The reaction was allowed to 
slowly warm to room temperature with stirring overnight, and was then quenched with ice water. The 
mixture was partitioned with additional CH 2 C1 2 and a small amount of 3M KOH, the organic phase was 
washed with water, dried over Na 2 S0 4 , and concentrated. The residue was loaded onto a silica gel 
column and eluted with EtOAc - 20: 1 : 1 EtOH/NH40H/H 2 0. The first product to elute was the ring 

35 enlarged product 8^5 as a colorless oil, and the second to elute was ^4 as a colorless oil. Both 8-5 and 8- 
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4 were isolated as enantiomeric mixtures of the trans diastereomer. The structures were confirmed by 
extensive ID and 2D NMR spectroscopy. Data for ^5: 1 HNMR (600 MHz, CD2CI2) 8 4.75 (m, 1H), 
4.1 - 3.9 (m, 1H), 2.9 - 2.7 (m, 3H), 2.75 (s, 3H), 2.4 (s, 3H), 2.35 (m, 1H), 2.1 - 1.7 (m, 4H), 1.4 (s, 9H) 
ppm. Data for 1 HNMR (500 MHz, CD 2 CI 2 ) 8 4.8 -4.5 (m, 2H), 4.1 - 4.0 (m, 1H), 3.2 (m, 1H), 2.75 
5 (m, 2H), 2.7 (s, 3H), 2.45 (s, 3H), 1.9 - 1.5 (m, 4H), 1.45 (s, 9H) ppm. 

(2S)-4-(2,5-Dffluorophenyl)-Ar-K^^ 

methyl-2-phenyl-2,5^ydro-l/f-pyrrole-l-carboxamide (8-6a) and (2S)-4-(2,5-Difluorophenyl)-iV- 
[(2S,4S)-2-(fluoromethyl)-l-methy^^^^ 

10 l//-p vrrole- 1 -carboxamide (.8-65) 

A solution of 80mg (0.31 mmol) of 8z4 in 30 mL of EtOAc was saturated with HC1 gas 
and allowed to stir lh at room temperature. The reaction was then concentrated by rotary evaporation 
and the resulting white solid was suspended in lmL of THF. To this was added 156mg (0.34 mmol) of 
1^9, 268 jiL (1.54 mmol) of diisopropylethylamine and a catalytic amount of DMAP. After heating at 50 

15 °C overnight, 500 \xL of trifluoroacetic acid was added and stirring was continued an additional lh at 

room temperature before being quenched with saturated aqueous NaHC0 3 . The mixture was partitioned 
with CH 2 C1 2 , the organic phase was washed with brine, dried over MgS0 4 , and concentrated. The 
residue was loaded onto a silica gel column and eluted with CHC1 3 - 80: 10: 10 CHCLj/EtOAc/MeOH to 
provide 8-6a a n d 8-6b as an inseparable mixture - a colorless gum. Data for 8-6a/8-6b : HRMS (ES) 

20 calc'd M + H for Q^eL^^O^ 474.2363. Found: 474.2374. 



The following compounds are prepared by simple modifications of the procedures 
illustrated in Schemes 1-8 and Schemes G-N, but substituting the appropriately substituted reagents for 
those utilized in the Schemes. 
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Rt R 2 R3 R 4 R5 

Me CH 2 OH Me CI H 



Me CH 2 OH Me Br H 



Me CH 2 OH Me CN H 



Me CH 2 OH Me Me H 



Me CH 2 OH Me CF 3 H 



Me CH 2 OH Me N0 2 H 



Me Me 
CH 2 OH 
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Me CH 2 OH Me F NH 2 

Me CH 2 OH Me F F 

Me CH2 ° H Me F SH 
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SCHEME 9 




(2SM<2,5-Dffluorophenyl^ 

methvl-2-phenvl-2,5^mvdro-l^-pvrrole-lK:arboxaiiude (9-1*) __ 

5 To a solution of 20mg (0.044 mmol) of 3^1 in 1 mL of CH 2 C1 2 at 0°C was added 1 lmg (~ 

0.048 mmol) of mCPBA. The ice-bath was removed and the reaction was stirred for 30 min. The 
mixture was partitioned with EtOAc and saturated aqueous NaHC0 3 , separated, washed with H 2 0, brine, 
dried over Na 2 S0 4 and concentrated by rotary evaporation. The residue was loaded onto a silica gel 
column and eluted with EtOAc- 20: 1: 1 EtOH/NH40HZH 2 0 to provide 9A as a white foam. Data for <M: 
10 1 HNMR (500 MHz, CDC1 3 ) 5 7.4 - 7.2 (m, 5H), 7.1 - 6.9 (m, 3H), 6.25 (s, 1H), 5.0 - 4.9 (m, 2H), 4.7 

(m, 1H), 4.5 (m, 1H), 4.3 - 4.2 (m, 1H), 4.0 (m, 2H), 3.7 (m, 1H), 3.4 - 3.3 (m, 2H), 3.3 (s, 3H), 3.2 (s, . 
3H), 2.5 - 1.9 (bs, 2H), 1.8 (m, 1H) ppm. HRMS (ES) calc'd M + H for C^U^^Oy. 476.2156. 
Found: 476.2165. 
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SCHEME 10 




Step 1 : Benzyl (3/?,4S)-4-[{ [(25)^K2,5^Ufluorophenyl)-2-(hydroxymethyl)-2-phenyl-2,5- 

dihycko-ltf-pyrrol-l-yU (10- 

11: 

To a solution of 885mg (2.4 mmol) of 2c3 (first isomer to elute from the 
chromatography) in 12 mL of EtOAc at 0°C was added 12 mL (48 mmol) of a 4M solution of HC1 in 
dioxane. The ice-bath was removed, stirring was continued for 2h, and then the volitiles were removed 
by rotary evaporation. The residue was partitioned between EtOAc and saturated aqueoeus NaHC0 3 
with 5mL of 1M NaOH, separated, and the aqueous phase extracted 2 x EtOAc. The combined organic 
extracts were washed again with NaHC0 3 , brine, dried over Na 2 S0 4 , and concentrated to provide 590mg 
(2.2 mmol) of the amine. To 215mg (0.81 mmol) of this material in 5 mL of THF was added 340mg 
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(0.73 mmol) of 1^9, 306 \iL (2.2 mmol) of triethylamine, and a catalytic amount of DMAP. After stirring 
overnight, the reaction was judged only ~ 40% complete by LC/MS, so an additional portion of DMAP 
was added and stirring was continued overnight. The reaction was then partitioned between EtOAc and 
saturated aqueous NaHC0 3 , the organic phase was washed with NaHC0 3 , H 2 0, brine, dried over 
5 Na 2 SC>4, and concentrated. The residue was purified by silica gel chromatography with EtOAc/hexanes 
to provide KM as a colorless oil. Data for 10-1 : LRMS (ES) calc'd M + H for CssH^sN^Si: 694.4. 
Found: 694.3. 

Step 2 : (2SM<2,5-Difluorophenyl)-iV4(^ 

10 methvl-2-phenvl-2,5-dihvdro-l/J-pvrrole-l-carboxamide f 10-2"): 

To a solution of 405mg (0.58 mmol) of 10-1 in 4 mL of EtOH was added 1.38 mL (14.6 
mmol) of 1,4-cyclohexadiene, lOOmg of 10% palladium on carbon, and then stirred overnight. The 
reaction was filtered through Celite, concentrated, and the residue was dissolved in 3 mL of CH 2 C1 2 . To 
this was added 3mL of trifluoroacetic acid, stirring was maintained for lh, and then the mixture was 

15 partitioned between EtOAc and saturated aqueous NaHC0 3 plus 25mL of 5% aqueous Na 2 C0 3 , the 
organic phase was washed with NaHC0 3 again, H 2 0, brine, dried over Na 2 S0 4 , and concentrated by 
rotary evaporation. The residue was loaded onto a silica gel column and eluted with EtOAc - 20: 1 : 1 
EtOH/NH40HZH 2 0 to provide 10-2 as a white solid. There was an impurity of ~ 5% subsequently 
removed by reverse phase chromatography with 95:5 to 5:95 H 2 0/CH 3 CN (both with 0.1% TFA). The 

20 fractions were basified with NaHC0 3 to provide pure B^2 as a white solid. Data for 10-2 : X HNMR (500 
MHz, CDC1 3 ) 5 7.4 - 7.2 (m, 5H), 7.1 - 6.9 (m, 3H), 6.3 (s, 1H), 5.2 (bs, 1H), 4.9 (m, 1H), 4.8 - 4.6 (m, 
2H), 4.45 (m, 1H), 4.2 - 4.1 (m, 1H), 4.0 (m, 1H), 3.3 - 3.2 (m, 2H), 3.1 (s, 3H), 2.85 - 2.7 (m, 2H), 2.1 
(m, 1H), 1.7 (m, 2H) ppm. HRMS (ES) calc'd M + H for C^sF^O* 446.2050. Found: 446.2059. 
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SCHEME 11 




(2SW2,5-Dffluorophenyl)-;V-[(3i?,4S)-3^^ 

methvl-2-phenvl-2.5-di hvdro-lH-pvm)le-l-carboxamide (1 1-1 ^ 

5 To a solution of 38mg (0.085 mmol) of 10^ in 1 mL.of 1,2-dichloroethane was added 20 

pL (0.34 mmol) of acetic acid, 25 mL (0.34 mmol) of acetone, and 27 mg (0.13 mmol) of Na(OAc)3BH. 
After stirring overnight, the reaction was partitioned between EtOAc and saturated aqueous NaHC0 3 , the 
organic phase was washed again with NaHC0 3 , H 2 0, brine, dried over Na 2 S0 4 , and concentrated by 
rotary evaporation. The residue was purified by reverse phase chromatography with 95:5 to 5:95 
10 H 2 0/CH 3 CN (both with 0. 1% TFA). The fractions were basified with NaHCOj to provide HJ. as a 

colorless film. Data for 11=1: 1 HNMR (500 MHz, CDC1 3 ) 5 7.4 - 7.2 (m, 5H), 7. 1 - 6.9 (m, 3H), 6.3 (s, 
1H), 5.3 (m, 1H), 4.95 - 4.8 (m, 2H), 4.6 (m, 1H), 4.45 (m, 1H), 4.1 - 4.0 (m, 2H), 3.2 (m, 1H), 3.15 (s, 
3H), 3.0 (m, 1H), 2.8 (m, 1H), 2.45 - 2.25 (m, 3H), 1.75 (m, 1H), 1.1 - 1.0 (m, 6H) ppm HRMS (ES) 
calc'd M + H for CzyH^^Oz: 488.2519. Found: 488.2517. 
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SCHEME 12 
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10 



15 



Ibiscompo TTOMS(E s)calc*dM + HforC 2 4H 2 6F3N30 2 . 

incorporationoftheenantiomerof^. Dataform- HRMS (ES) 

446.2050. Found: 446.2069. 

(with 0.1* MM - » *"* 't^rSU** * 1 

indicated that tat d«tag enanuomer has R,- 7.30 mm an ^ ^ ^ 

explained in Scheme 10. Data for 12=2. HRMS (K» cat 

^2069. The absohtte stereochemistry on fepiperidmeof componndsl2i-m 
detennined end stemochemish, indicated haa been .enrauve., asargned. 

^^"rco^^ 

1 ^ „ fr ^ chira i column. Data form- 

incorporation of the second elutmg isomer of trans 2J3 trom 

, „ { <~ xi pi N„Ov 446 2050. Found: 446.2068. 
5 HRMS (ES)calc'dM + H for CmHmFsNsU* ^.-ww 
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